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INTRODUCTION 


The 82586 is an intelligent, high performance Local Communications Controller 
(LCC). It is designed to relieve a host CPU of many of the tasks associated 
with controlling local networks and serial backplanes. Because the 82586 
integrates many of the functions required to implement a local network into a 
single LSI component, the cost and complexity of the communication interface 
is dramatically reduced. 

The 82586 provides most of the functions normally associatd with the data link 
and physical link layers of a local network architecture. In particular, it 
performs framing (frame boundary delineation, addressing, and bit error 
detection), link management, and data modulation It also supports a network 
management interface. 

The framing functions on the 82586 are very flexible and permit a variety of 
different techniques to be specified in addition to Ethernet. The boundaries 
of a frame may be specified by either flags/bitstuffing or an end-of -carrier 
techniques. Addressing features include support of a very large address space 
with single node, multicast, and broadcast capability. Bit error detection is 
performed by use of either the CCITT V.41 CRC polynomial or the Autodin-II 32 
bit polynomial. 

The 82586 has a memory based architecture in that the 82586 and CPU 
communicate entirely through a shared memory space. Transmit and receive data 
are located in data buffers of programmable length that can be chained 
together. Chaining of data buffers results in efficient use of system memory. 

The 82586 features a high level diagnostic or maintenance, capability. The 
82586 automatically gathers statistics on CRC errors, frame alignment errors, 
overrun errors, and frames lost because there was no resource to recieve 
them. In addition, the user can output the status of all internal registers 
to facilitate system design. An on-chip time domain reflectometer can be 
used to help locate cable faults. 

This document provides the system designer with a detailed description of the 
82586. It is assumed that the reader has familiarized himself with 
fundamental 82586/CPU system operation as described in the 82586 Data Sheet, 
"System-Level Functions Enhance Controller IC", Electronics , October 6, 1982 
(Intel article reprint AR-237), and "2-Chip Controller Set Drives Ethernet 
Hookup Costs", Data Communications, October 1982 (Intel article reprint 
AR-244) . 



2.0 CONTROLLING THE 32586 


2.1 OVERVIEW 


This section describes the commands, data structures, and techniques by which 
a host CPU controls and uses the 82586. The emphasis here is not on any 
particular action command (e.g. Transmit), but rather on how the 82586 is 
controlled. The 82586 consists of two major internal processors: the Command 
Unit (CU) and the Receive Unit (RU). The control that the CPU exercises over 
them is indirect. Each unit accepts CPU commands during a ready state, 
although they are almost always ready, there may be a delay if the unit is 
busy responding to another request (internally generated). Both units can be 
viewed as multitasked units with nonpreempti ve scheduling (although buffer 
switching tasks preempt the RU and CU). 

All control structures are memory resident and thus, all communication between 
the CPU and the 82586 takes place via shared memory structures. There is no 
I/O port access to the 82586 . Please refer to the 82586 data sheet for a 
general description of 82586/CPU shared memory structure. 


2.2 MEMORY ADDRESSING FORMATS 

The 82586 accesses memory by 24-bit addresses. There are two types of 24-bit 
address: real addresses and segmented addresses. A real address is a single 
24-bit entity. It is used primarily to address transmit and receive data 
buffers. The other form is a segmented address that uses a 24-bit base and a 
16-bit offset. The segmented address form is used for all Command Blocks, 
Buffer Descriptors, Frame Descriptors and System Control Blocks. In general, 
only the offset portion of the addressed entity is specified in the block. 

The base for all offsets is the same (that of the SCB). The diagrams below 
detail the memory formats used. The ' LSB * is the least significant byte of 
the address, ‘ 3MSB ' is the next most significant byte, '2MSB', if present, is 
the next most significant byte. 

Physical (Real) data buffer addressing: 
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0 7 


2MSB 
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LSB 


Real 

Address 
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Command structure addressing: 


7 07 0 


3MSB 

LSB 

+ 



7 0 7 0 7 

0 

2MSB 

3MSB 

LSB 

A23 
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Segment 

Offset 


Segment 
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2.3 THE SYSTEM CONTROL BLOCK (SCB) 

The SCB is a memory block that is shared by the CPU and 82586, and thereby 
forms the communication link between the CPU and the 82586. Such 
communication involves: 

* Issuing commands by the CPU. 

* Reporting status by the 82586. 

The CPU delivers Control commands to the 82586 by writing the commands into 
the SCB and asserting Channel Attention (CA). The 82586 will examine the 
command, perform whatever action is required, and clear the command. Control 
commands perform the following types of tasks: 

* Controlling the operation of the Command Unit (CU). 

* Controlling the reception of frames by the Receive Unit (RU). 

* Acknowledging events that caused an interrupt. 

* Resetting the chip. 

The SCB controls the Command Unit by specifying the address of the Command 
Block List (CBL) and by starting, suspending, resuming or aborting execution 
of commands of the CBL. The SCB controls the Receive Unit by specifying the 
address of the Receive Frame Area (RFA), and by enabling, suspending, 
resuming or halting reception of frames. 

The SCB is also used for reporting status to the host CPU. There are four 
types of status information contained in the SCB. The first describes the 
cause(s) of the currently pending interrupt (events). The second indicates 
the status of the Command Unit. The third indicates the status of the Receive 
Unit. The fourth contains statistics collected by the 82586 related to 
receive frames, found to be corrupted. 
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The status of four events saved by the 82586: 

* The completion of an action command by the CU. 

* The reception of a frame by the RU. 

* The Command Unit becoming not ready. 

* The Receive Unit becoming not ready. 

The acknowledgement of events by the CPU is the only means by which they are 
cleared. Note that if not all events are acknowledged by the Channel Attention 
(CA), then the Interrupt (INT) signal will be re-issued after processing the 
CA. Also, if a new event occurs while the interrupt is set, the interrupt is 
momentarily cleared in order to trigger edge triggered interrupt controllers. 

The CPU commands the 82586 to examine the SCB via the Channel Attention line. 
This signal is trailing edge triggered and is latched by the 82586. The latch 
is cleared by the 82586 as part of the SCB examination process, prior to 
reading the SCB. 

The format of the SCB is: 


15 0 
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STAT 
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cus 
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ACK 
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.OFFSET 







RFA 
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CRCERRS 

ALNERRS 

R5CERRS 

OVRNERR5 


SCB 

SCB + 2 
SCB + 4 
SCB + 6 
SCB + 8 
SCB + .10 
SCB + .12 
SCB + .14 


STATUS - 

Indicates the status of the 82586. This word is modified only by the 
82586. Defined bits are: 


Bit 

15 

CX 

- 

A command in the CBL having 
set has been executed. 

its 'I' (interrupt) bit 

Bit 

14 

FR 

- 

A frame has been received. 


Bit 

13 

CNR 

- 

The command unit became not 

ready. 

Bit 

12 

RNR 

_ 

The receive unit became not 

ready . 
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(3 bits) this field contains the status of the Command 
Unit. 

Valid values are: 

0 - Idle 

1 - Suspended 

2 - Ready 

3-7 - Not used 

Bits 4-6 RUS - (3 bits) this field contains the status of the Receive 

Unit. Valid values are: 

0 - Idle 

1 - Suspended 

2 - No Resources 

3 - Not used 

4 - Ready 

5-7 - Not used 



c 

c 

c 


COMMAND - 

Specifies the action to be performed as a result of the CA. This word is set 
by the CPU and cleared by the 82586. Defined bits are : 

Bit 15 ACK-CX - Acknowledges the command executed event. 

Bit 14 ACK-FR - Acknowledges the frame received event. 

Bit 13 ACK-CNR - Acknowledges that the Command Unit became not ready. 

Bit 12 ACK-RNR - Acknowledges that the Receive Unit became not ready. 

Bits 8-10 CUC - (3 bits) this field contains the command to the 

Command Unit. Valid values are: 

0 - NOP (doesn't affect current state of the unit) 

1 - Start execution of the first command on the CBL. If a 

command is in execution, then complete it before 
starting the new CBL. The beginning of the CBL is in 
CBL OFFSET. 

2 - Resume the operation of the command unit by executing 

the next command. This operation assumes that the 
command unit has been previously suspended. 

3 - Suspend execution of commands on CBL after current 

command is complete. 

4 - Abort current command immediately. 

5-7 - Illegal for use. The effect will be exactly as NOP. 
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Bits 4-6 RUC 


0 

1 


2 

3 


4 

5-7 

Bit 7 RESET 


(3 bits) This field contains the command to the 
receive unit. Valid values are : 

NOP (does not alter current state of unit). 

Start reception of frames. If a frame is being 
received, then complete reception before starting. The 
beginning of the RFA is contained in the RFA OFFSET. 
Resume frame receiving (only when in suspended state). 
Suspend frame receiving. If a frame is being 
received, then complete its reception before 
suspending. 

Abort receiver operation immediately. 

Illegal for use. The effect will be exactly as NOP. 

Reset chip (logically the same as hardware RESET). 


CBL OFFSET - 

This 16-bit quantity specifies the offset portion of the address for the first 
command block on the CBL. It is accessed only if CUC = START. 

RFA OFFSET - 

This 16 bit quantity specifies the offset portion of the address for the 
Receive Frame Area (RFA). It is accessed only if RUC = START. 

CRCERRS - Counter 


This 16 bit quantity contains the number of aligned frames discarded because 
of a CRC error (see Sec. 7.2.2). This counter is updated, if needed, no 
matter what the state of the RU is. 

ALNERRS -Counter 

This 16 bit quantity contains the number of misaligned frames discarded 

because of a CRC error. This counter is updated if needed in all RU states. 

RSCERRS - Counter 

This 16 bit quantity contains the number of good frames discarded because 
there were no resources to receive them. Frames intended for a host whose RU 
is in the No Receive Resources state, fall into this category. This counter 
is updated only if the RU is in the No Resources state. 

QVRNERRS - Counter 

This 16 bit quantity contains the number of frames that are known to be lost 

because of a lack of due to local system bus availability. If the traffic 

problem period lasts for more than the duration of one frame, the frames that 
follow the first one are lost without any indicator, and are not counted. 

This counter is updated, if needed, in all RU states. 
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2.3.1 Notes on Error Counters Operation 


1. The CPUs clears all error counters, prior to initiating the 82586. 

The 82586 updates these counters by reading them, adding one and 
writing back to their SCB positions. Multiple errors will result in 
all the relevant counters update. 

2. The counters are sticky; after reaching the value of FFFFH, the 
counters do not wrap around to zero. They will stay at this value, 
unless modified by the CPU. 

3. The 82586 will update all the statistical counters after every frame. 
It may happen that more than one counter is to be updated. The 82586 
will update all of them. 

4. The 82586 performs the read counter/increment/write counter operation 
without relinquishing the bus. This is done to ensure that no 
logical contention exists between the 82586 and the CPU. In a dual 
port memory configuration, the CPU should not perform any write 
operation to any counter unless the counter is in FFFFH state. 
Otherwise, it is possible that the write operation will be 
overwritten by the 82586 that has recently read 'old* information 
from the counter. Since the 82586 does not write to the counter when 
FFFFH state is reached, the CPU may safely reset the counter. 


2.3.2 Software Reset Operation 

Upon reading a Reset bit set in the SCB command word, the 82586 will: 

* Terminate the Transmit and Receive processes. 

* Ignore the remaining SCB command field. 

* Clear the SCB command word. 

* Reset the chip. 

After the 82586 has cleared the SCB command word, the reset effectively 
starts. Note that INT is not raised. The CPU must wait at least 10 system 
clocks before issuing the CA to the 82586, to trigger the initialization 
procedure. 


2.3.3. Seman t i cs of Control Commands 


Control Commands are submitted independently to the RU and CU. The 
explanation below applies for both RU and CU control commands. 

The commands are treated by the 82586 in two phases. The first phase is 
named CONTROL COMMAND ACCEPTANCE. Its termination is indicated by the 
82586 clearing the SCB command word. Acceptance is complete after the 
82586 responded to the CPU's request, read the command from SCB command 
word and performed the required activities, which depend on the state of 
the CU or RU. 
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The second phase is named CONTROL COMMAND EXECUTION, and is performed as 
soon as the current CU or RU activity (at CB or FD level) is finished. 

For the CU, it happens when the Command Block currently in execution, is 
completed. For the RU, it happens when the frame currently in reception 
has ended. 

Both the CU and RU have a pointer to the next CB (for CU) or RFD (for 
RU). NEXT CB points to the Command Block to be executed after the current 
CB is completed. NEXT RFD points to the RFD to be set up after the 
present frame is received. 


The Effect of the Control Commands 


The effect of the Control Command is explained below: 


* START 


* ABORT 


* SUSPEND 


* RESUME 


This command specifies the list of CBs or RFDs. NEXT CB or 
NEXT RFD pointer is always updated. If the unit is not 
active during acceptance (i.e., the CU is not executing CBs 
or the RU is not receiving a frame), the next CB or RFD 
will immediately be set up. In this case, the acceptance 
and execution phases overlap. If the unit is active during 
acceptance, the next CB or RFD will be set up at the end of 
the current activity (execution phase). In all cases, the 
next state of the units is READY. 

At acceptance time, this command causes the immediate 
termination of the CU or RU activities. 

End of execution is signalled by the CU or RU entering 
their idle states. 

This command is ignored if the unit is not READY, at 
acceptance time. If the unit is READY, the present 
activity is completed (CB execution for CU and frame 
reception for RU) and the unit becomes SUSPENDED. 

This command is ignored if the unit is not SUSPENDED. If 
during acceptance, the unit is not active (CB execution for 
CU, frame reception for RU), then NEXT CB or NEXT RFD are 
set up. Otherwise, the NEXT CB or NEXT RFD are set up at 
the end of the current activity. In any case, after 
execution, the new state of CU or RU is READY. 


At the end of the activity (CB completion or reception of a frame completed), 
the CU or RU assesses its situation based upon 'EL' and 'S' bit status. If 
'EL'is set, the last CB or RFD was exhausted. The CU becomes IDLE or the RU 
enters its No Resources state, regardless of any other factor. If 'S' is set, 
the unit becomes SUSPENDED. 


* REQUESTS* REMEMBERED FROM ACCEPTANCE TIME 

If a Suspend is requested, the unit becomes SUSPENDED. 

If a Start is requested, the unit enters its READY state and CB or 
RFD setup follows. 

If no request is pending, CB or RFD set up follows per Command Block 
List or Receive Frame List. 
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2.3.4 Rules for Using Control Commands 


2. 3.4.1 Handshake 

The CPU writes the control command to SCB command word and causes a 
falling edge of CA input. 

The 82586, after a finite but undefined number of clocks, recognizes 
the CA transition and performs its control command acceptance 
procedure, as described in Section 2.4.4 (for the CU) and 2.5.4 (for 
the RU). At the end of the sequence, the 82586 clears the whole SCB 
command word and places current CU and RU status into the SCB. 

At this time, the CPU is allowed to issue the next control command to 
the 82586. 

A new accepted control command cancels a previous control command 
that was accepted and awaits execution. (Note: A NOP control command 
does not cancel previous commands. This is provided to allow 
acknowledging interrupts without disturbing the CU and RU operation). 


2.3.4. 2 Normal Operation 

The CPU is notified that the control command was accepted by the 
82586. This notification is signalled by the 82586 clearing the SCB 
command word. 

The execution of control commands may be deferred because of the CU 
or RU being active (CB execution or frame reception) at command 
acceptance time. 

When the control command execution is completed the new status of the 
CU and RU is reported. 

The only state transitions that are specifically signalled, with 
interrupt to the CPU, are RU and CU becoming not READY . Interrupt 
also happens at the completion of a CB (with I bit set) and after 
completing reception of a frame. 


2.4 THE COMMAND UNIT 


2.4.1 Overview 


The CU is responsible for handling commands from the CPU. These commands fall 
into two categories: control and action. This section is concerned primarily 
with control commands and the generic class of action commands. Action 
commands are discussed in detail in Chapter 4. 

Control commands are the means by which the CPU controls the CU's execution of 
action commands. Action commands are located in Command Blocks (CB) which are 
then linked together to form the Command Block List (CBL). The CBL may contain 
one or more CBs. The last CB is indicated by the End List (EL) bit in the CB 
being a one. The CU starts at the beginning of the CBL and executes the 
commands, one at a time, until the CB where EL = 1. 
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2.4.2 Command Blocks 


Action commands are organized in blocks (CB's). The beginning of the CBL is 
defined by the CBL OFFSET in the SCB and its end is indicated by the EL bit in 
the last CB. 

The generalized form of command block is: 


15 ODD BYTE EVEN BYTE 0 


c 

B 

COMMAND SPECIFIC STATUS 

EL 

S 

J 


CMD 

1 1 

A15 LINK FIELD A0 


.COMMAND SPECIFIC PARAMETERS 


<t> 

2 

.4 


6 ... 


where: 

STATUS 


Bit 13 


Bit 12 


LINK FIELD 
EL 

S 

I 

CMD 


This 14-bit field contains the command results. It is set 
at the same time as the C bit. It is not valid until C=l. 

Most of the contents of this field are command dependent. 
There are two bits that are standard for all commands. 

They are : 

Indicates that the command was executed without error. If 
one, then no error occured (command executed OK). If zero, 
then an error did occur and the remaining bits should be 
consulted to discover what the problem was. 

Indicates that the command was abnormally terminated due to 
CU Abort control command. If one, then the command was 
aborted and if necessary, it should be repeated. Refer to 
Section 2.6 for a detailed description of CU Abort control 
command. If bit 12 is zero, the command was not aborted. 


A 16 bit pointer to the next Command Block. 

If set, this bit indicates that this command block is the 
last on the CBL. 

f 

If set to one, suspend the CU upon completion of this CB. 

If set to one, the 82586 will generate an 

interrupt after execution of the command is completed. If 

I is not set to one, the CX bit will not be set. 

A 3-bit field that specifies the command opcode. See 
Chapter 4. 
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Bits 4-12 


Reserved 


C - This bit indicates the execution status of the command. 

The CPU initially sets it to zero when the Command EH ock is 
placed on the CBL. Following a command execution, the 82586 
will set it to one. 

B - This bit indicates that the 82586 is currently executing 

this command. It is initially set to zero by the CPU. The 
82586 sets it to one when execution begins, and to zero 
when execution is completed. 

Note: The C and B bits are modified in one operation. 

For more information see Chapter 4. 

COMMAND SPECIFIC 

PARAMETERS - This is a variable length field that contains parameters 

for and/or results from the command. Its length and 
contents are command dependent. For further details see 
Chapter 4. 

Command Blocks are chained together to form the CBL. When searching the CBL 
after an interrupt, the CPU can remove any block with C=l, since execution of 
it is complete. Manipulation of the CBL is described in Section 2.4.5. The 
forward link in the last CB may be used to form a cyclic list. 


2.4.3 Transmit - Buff er- Descriptor 

The transmit command accesses user data contained in buffers for Transmit 
operations. Each buffer is described by a Transmit Buffer Descriptor (TBD). 
TBDs are used with Transmit commands to contain user data that is to be sent. 
Each command may contain zero or more TBDs. The TBDs are linked together to 
form a frame. They are automatically prefetched by the CU as required. 

The TBD has the following format: 



where : 

EOF - This bit indicates that this TBD is the last 

associated with the frame being transmitted. Set by 
the CPU before transmitting. 
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ACT-COUNT - This 14 bit quantity specifies the number of bytes 

that hold information for the current buffer. It is 
set by the CPU before transmit. 

NEXT BD ADDRESS - The offset portion of the address of the next TBD on 

the list. It is meaningless if EOF = 1. 

BUFFER ADDRESS - The starting address of the memory area that contains 

the data to be sent. This is a 24-bit physical 
address. In WORD mode the buffer address must be even. 


2.4.4 Command Unit Control 

The CU may be in one of three major states during normal operation. 

These states are: 

a. IDLE - In this state the CU has no action commands to execute. It 

will still respond to control commands. The CU is 
initialized to IDLE state. 

b. SUSPENDED - This state is similiar to IDLE, except that the CU may 

become READY by a RESUME command. It remembers the state of 
the CBL list. It comes to this state only via a SUSPEND 
control command or executing a CB with S = 1. 

c. READY - In this state, the CU has commands on the CBL and is 

executing them. 

The following three events may cause the CU to change state: 

a. All control commands: 

NOP - This command is ignored by the CU. 

SUSPEND - This command suspends operation of the CU after the 

currently executing command is complete. 

RESUME - This command returns the CU to the READY state from the 

SUSPENDED state. 

START - This command gives the CU a new CBL to work on. 

ABORT - This command stops the CU immediately. Execution of 

commands is stopped. 

b. Action command (whose CB has S = 1) executed. 

c. The end of the CBL is reached. 

Multiple events may occur concurrently . 

SET UP CB means: start processing the next command in the queue. 
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REQUEST SUSPEND means: the suspend will be executed as soon as the command, 
presently in execution, is done. 

Most of the transitions do not cause interrupts. In actual operation, CX 
interrupts will be the most common. When the CPU receive an interrupt it 
examines the CBL and removes all CBs where C = 1. There may be more than one. 
The CPU should always keep a pointer to the first unexecuted CB. 

CU not ready interrupts are due to the CU leaving the READY state. This may 
result from a control command, a CB with S = 1, or the end of the CBL. The 
CPU should maintain the context and so be able to determine the significance. 

After initialization process is complete (see Sec. 3.1), the CU will issue 
both a CX and CU not ready interrupt. The CPU should expect such interrupts at 
the end of the initialization process. 

Table 2.1 shows the CU activities at the end of the control command execution 
time : 


TABLE 2. 1 : CU ACTIVITIES- PERFORMED- AT END OF EXECUTION 


EL BIT 

5 BIT 

REQUEST 

NEXT STATE 

ACTION 


0 

0 

NONE 

READY 

SET UP 

CB 

0 

0 

SUSPEND 

SUSPENDED 

CNR INTERRUPT 

0 

.1 

NONE 

SUSPENDED 

CNR INTERRUPT 

0 

.1 

SUSPEND 

SUSPENDED 

CNR INTERRUPT 

.1 

0 

NONE 

IDLE 

CNR.CX 

INTERRUPTS 

.1 

0 

SUSPEND 

IDLE 

CNR,CX 

INTERRUPTS 

.1 

.1 

NONE 

.IDLE 

CNR,CX 

INTERRUPTS 

.1 

.1 

SUSPEND 

IDLE 

CNR,CX 

INTERRUPTS 


NOTES: 

1. After a CB with ‘I* bit set is completed, CX interrupt is generated. 

2. Since the transition READY to READY STATE via the START Command is 
smoothly performed, no interrupt, related to state transition, is 
generated and no action is required at the end of Action Command Execution. 
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2.5 THE RECEIVE UNIT 


2.5.1 Overview 

The Receive Unit (RU) handles all activities related to frame reception. It 
operates independently of the CU although it does use the CU to communicate 
with the CPU. It manages a pool of free memory space, the Receive Frame Area 
(RFA) that consists of two lists: Received Frame List (RFL) and Free Frame 
List (FFL). The SCB points to the RFL, and the last frame in the RFL points 
to the FFL. 

The Free Frame List (FFL) consists of two lists: The first is a list of free 
Receive Frame Descriptors (RFD), called the Receive Descriptor List (RDL) . 

The second is a list of free buffers, called the Free Buffer List (FBL), with 
each described by a Receive Buffer Descriptor (RBD). The root of the FBL is 
the first RFD on the RDL (Figure 2.1). 

The address of the RFA (the first RFD on the RDL) is given to the RU by the 
CPU using the SCB with a start control command. One RFD is used for each 
received frame and as many RBDs (actually the buffers associated with each) as 
are required to contain the frame. 

When either list is exhausted the RU notifies the CPU and enters the No 
Resources state. 
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2.5.2 THE - RECEIVE FRAME - BESGRIPT9R 


Each received frame is described by one Receive Frame Descriptor. The RFD used 
is the one at the head of the RDL. 

The format of the receive frame descriptor is: 


15 ODD BYTE EVEN BYTE 0 


c 

B 

STATUS 

EL 

s 


A15 LINK ADDRESS A0 

A15 BD-PTR A0 

2ND BYTE 

DESTINATIO 

NTH BYTE 

1ST BYTE MC 

N ADDRESS 

2ND BYTE 

SOURCE 

NTH BYTE 

1ST BYTE 

ADDRESS 

2ND BYTE TYPF p|p| R .1ST BYTE 


0 

2 

4 

6 

8 

.10 

.12 

.14 

.16 

.18 

20 


where : 




STATUS 


- 

The results of the receive frame descriptor operati 




Defined bits are: 


Bit 

13: 

Frame received without errors 


Bit 

12: 

Reserved - not used 


Bit 

11 : 

CRC error in an aligned frame 


Bit 

10: 

Alignment error (CRC error in misaligned frame) 


Bit 

9: 

Ran out of buffer space 


Bit 

8: 

DMA Overrun 


Bit 

7: 

Frame Too Short 


Bit 

6: 

No EOF flag (for Bitstuffing only) 


Bits 

o 

cn 

Not used (reserved) 


RFD' s with bit 13 not equal 1 will occur only if the SAVE BAD FRAME 
configuration option is selected. Otherwise all frames with errors will 
be discarded, although statistics will be kept on them. 


LINK-ADDRESS 


A 16-bit pointer to the next Receive Frame Descriptor. The 
Link Address of the last frame can be used to form a cyclic 
li st. 
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EL 

S 

C 

B 


BD-PTR 

MC 


If set, this bit indicates that this RFD is the last one on 
the RDL. 

If set, suspend the RU after receiving thisframe. 

This bit indicates the completion of frame reception. It 
is set by the 82586. 

This bit indicates that the 82586 is currently receiving 
this frame, or that the 82586 is ready to receive the 
frame. It is initially set to zero by the CPU. The 82586 
sets it to one when reception set up begins, and to zero 
upon completion. The C and B bits are set in one operation. 

The offset portion of the address of the first RBD 
containing frame data. BD-PTR = OFFFFH indicates no RBD at 
all. 

Multicast bit. 


DESTINATION - The contents of the destination address of 

ADDRESS the receive frame. The field is 0 to 6 bytes long. 


SOURCE 

ADDRESS 


The contents of the Source Address field 
of the received frame. It is 0 to 6 bytes long. 


TYPE -FIELD 


The contents of the type field of the received frame. It 
is 2 bytes long. 


NOTES : 

1. The last 4 fields will not be used when the 82586 is configured to locate 
address/control in the data buffers (AC-L0C=1 - see Sec. 4.3). 

2. The last four fields are packed, i.e. ane field immediately follows the 
next. 

The receive buffers can be of different lengths. The 82586 will place no more 
bytes into a buffer than is indicated in the associated RBD. The 82586 will 
prefetch the next RBD in-time to use it. 

The 82586 will attempt to receive frames as long as the FBL is not exhausted. 
If it becomes exhausted, the 82586 Receive Unit will enter the No Resources 
state. 

Before starting the RU, the CPU must place the pointer to the FBL in BD-PTR 
field of the first RFD. All remaining BD-PTR fields for the subsequent RFDs 
should be FFFFH. 

If the Receive Frame Descriptor and the associated receive buffers are not 
reused (frame is well received or the 82586 works in a mode where it saves bad 
frames), the 82586 writes to the BD-PTR field of the next RFD, the address 
pointer of the next free RBD. 
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2.5.3 Receive Buffer Descriptor- (RBD) 


The information field of a frame is not a part of the RFD, but is accessed 
with a special pointer to a separate block in order to provide the flexibility 
of separating control from information. The information field of a frame is 
placed in a set of buffers that are chained by a sequence of Receive Buffer 
Descriptors. The RFD points to the first RBD, and the last RBD is flagged 
with an EOF bit set to one. The format of the Receive Buffer Descriptor is as 
follows: 


.15 




a 

EOF 


i i i i i 

ACT 

11111 

1 i i i 

COUNT 

liii 

i i i 

i i i 



NEXT BD 

ADDRESS 


A 15 


BUFFER 

ADDRESS 

A0 


A23 

A 16 

EL 


SIZE 


where : 
EOF 


ACT COUNT - 


NEXT BD 
ADDRESS 


BUFFER 

ADDRESS 


EL 

SIZE 


Indicates that this is the last buffer related to the frame. It 
is cleared by the CPU before starting the RU and written by the 
82586 at the end of reception of the frame. 

Indicates that this buffer has already been used. The Actual 
Count has no meaning unless the F bit equals one. This bit is 
cleared by the CPU before starting the RU, and set by the 82586 
after the associated buffer has already been used. 

This 14 bit quantity indicates the number of meaningful bytes in 
the buffer. It is cleared by the CPU before starting the RU and 
written by the 82586 after the associated buffer has already 
been used. In general, after the buffer is full, Actual Count 
value equals the size field of the same buffer. For the last 
buffer of the frame, Actual Count maybe less than the buffer 
size. NOTE: If Actual Count is odd ( in -word mode ) , garbage will 
be written by the 82586 into the high byte of the last word. 

The offset portion of the address of the next RBD on the list . 
It is meaningless if EL = 1. 

The starting address of the memory area that contains the data 
tnat was received. This is a 24 bit physical address. In word 
mode, the buffer address must be even. 

Indicates that the associated buffer to this RBD is last in the 
FBL. 

This 14 bit quantity indicates the size, in bytes, of the 
associated buffer. In word mode the quantity must be even. 


- 18 - 




2.5.4 RECEIVE UNIT CONTROL 


The RU may be in 

one of four basic states. 

These states are 

: 

a. IDLE 

In this state the RU does not respond to frames on the 
serial link and does not modify any data structures. The 

RU is initialized to this state. 

b. SUSPENDED- 

This state is similiar to IDLE, except that the RU may 
become READY by a RESUME command. It remembers the state of 
the RFA lists. It transfers to this state via a SUSPEND 
control command or after a RFD with S = 1. 

c. NO 

RESOURCES 

In this state the RU is looking for frames on the serial 
link, but has no buffers or no descriptors to store them 
in. It will keep statistics on how many frames were lost. 

d. READY 

In this state, the RU is looking for frames and has buffers 
to store them in. 


In each of these states, the RU may or may not be receiving a frame. If a 
frame is being received, the situation is named 'RU Actively Receiving'. If 
the RU is READY and Actively Receiving, the frame is being stored in RFA 
buffers. If the RU is not READY (IDLE, SUSPENDED or NO RESOURCES), the frame 
is 'discarded'. The RU still maintains statistics on CRC, Alignment or Overrun 
errors for discarded frames, although the frames themselves are lost. 


The following three events that 
a. All control commands: 


NOP 

SUSPEND - 

RESUME 


This command 

This command 
reception is 

This command 
READY state. 


may cause the RU to change state: 

is ignored by the RU. 

suspends operation of the RU when frame 
completed. 

causes RU transition from SUSPENDED state to 


START 


This command gives the RU a new RFA to work on. The RU is 
exited to READY state. 


ABORT - This command stops the RU immediately. Reception of any 
frame is stopped, and the CU goes into the IDLE state. 

b. A frame is received using a RFD with S = 1. 

c. The end of the RDL or FBL is reached. 


SET UP RFD means: Prepare the next RFD for frame reception. 


Most transitions do not cause interrupts. Most interrupts are caused by 
frames being received. When the CPU gets a FR interrupt, it should scan down 
the RDL, removing all RFDs where C = 1. There may be more than one RFD. The 
CPU should keep a pointer to the head of the RDL. 
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RU Not Ready interrupt, might be caused a control command issued by the CPU to 
the RU, reception of a frame using a RFD with S = 1, or to the exhaustion of 
either (or both) the RDL or FBL. 

The reason for RNR interrupt may be identified by CPU, knowing it has issued a 
control command and by testing the S and EL bits of the last used RFD. 

Table 2.2 shows the RU activities at control command execution time. 


TABLE 2.2: RU ACTIVITIES PERFORMED AT END OF EXECUTION 


EL BIT 

S BIT 

REQUEST 

NEXT STATE 

ACTION 

0 

0 

NONE 

READY 

SET 

UP RPD 

0 

0 

SUSPEND 

SUSPENDED 

RNR 

INTERRUPT 

0 

0 

START 

READY 

SET 

UP RPD 

0 

.1 

NONE 

SUSPENDED 

RNR 

INTERRUPT 

0 

.1 

SUSPEND 

SUSPENDED 

RNR 

INTERRUPT 

0 

.1 

START 

SUSPENDED 

RNR 

INTERRUPT 

.1 

0 

NONE 

NO RESOURCES 

RNR 

INTERRUPT 

.1 

0 

SUSPEND 

NO RESOURCES 

RNR 

INTERRUPT 

.1 

0 

START 

READY 

SET 

UP RPD 

.1 

.1 

NONE 

NO RESOURCES 

RNR 

INTERRUPT 

.1 

.1 

SUSPEND 

NO RESOURCES 

RNR 

INTERRUPT 

.1 

.1 

START 

READY 

SET 

UP RPD 


Note: After a frame is received, FR interrupt is generated. 


Regardless of its state, the RU looks for start requests at the end of a 
receive frame. This guarantees that frames are either housed in the old RFA 
or entirely in the new RFA. There is a sharp transition from the old RFA to 
the new RFA, that takes place at the end of the receive frame. 

Note, the process of starting the RU takes time. During this time, receive 
frames may be lost due to a temporary lack of memory resources. This 
situation may arise, even if the previous RFA has enough resources to contain 
the incoming frame. 

V. 

Depending on the 82586 internal state, the RSCERR or OVRNERR counters in SCB 
will be updated. CRCERR and ALNERR counters will be updated as usual. 
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2.6 INTERRUPT OPERATION 


The INT pin is used to notify the CPU about one or more of the following 
events: 

* a command in CB with its 1 1 ' bit set was executed (CX interrupt). 

* a frame was received (FR interrupt). 

* the CU became Not Ready (CNR interrupt). 

* the RU became Not Ready (RNR interrupt). 


2.6.1. Interrupt Request Sequence 

Once an event requiring an interrupt has occured, the following sequence 
is performed by the 82586 : 

1. INT pin is set to its low level (inactive). 

2. The status word in SCB is written, denoting the source of the 
interrupt (CX, FR, CNR or RNR interrupt), together with the states of 
the CU and RU. 

3. INT pin is raised (set to active). 


2.6.2 Interrupt Servicing by the CPU 

Upon detecting a rising edge on the INT pin, the CPU may perform its 
interrupt service routine, as follows : 

1 . Save registers 

2. Wait until the SCB command word is 'All Zero' 

3. Read SCB STATUS field 

4. Determine the cause(s) of the interrupt and the states of the CU and 
RU 

5. Process each interrupt cause and determine the next control commands 
for the CU and RU 

6. Write Interrupt Acknowledge bits to the processed interrupt requests 
together with the next control commands for CU and RU 

7. Issue a CA falling edge to the 82586 

8. Restore registers and exit interrupt routine 


2.6.3. 82586 Response to CA 


Upon detecting a falling edge on its CA input, the 82586 performs the CA 
acceptance sequence, as follows : 

1. Determine which interrupt requests were acknowledged by the CPU. For 
each of them clear the corresponding interrupt request bit in SCB 
status word. 

2. Perform the control command acceptance procedure, as described in 
Sections 2.4.4 (for the CU) and 2.5.4 (for the RU). 

3. The INT pin is set LOW. 
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4. 


Write the SCB status word indicating the unacknowledged interrupt 
requests, and newly generated interrupt requests, together with CU 
and RU states. 

5. If any interrupt request bit is active, set the INT pin to HIGH. 


2.6.4 Initialization Procedure 


2. 6. 4.1. 82586 Actions 

* After Reset (either hardware or software reset), INT pin is set to 
its low level (inactive). 

* The 82586 waits for a CA high to low transition. 

* When this happens, the initialization procedure described in Section 
2.1 is performed. Upon completion, CX (Command Executed) and CNR (CU 
became Not Ready), interrupts are written to SCB status word, 
together with the status of CU and RU (both are idle). 

* The INT pin is then set to HIGH. 


2. 6. 4. 2 CPU Actions 

* CPU should expect interrupts as part of the 82586 initialization 
procedure. 

* It writes the control commands for the CU and RU (typically STARTing 
both) and acknowledges the CX and CNR interrupts. 

* It issues a CA to the 82586 and the INT/CA handshake mechanism keeps 
rolling on by itself. 


2.7 INTERACTION BETWEEN CONTROL & ACTION COMMANDS 


2.7.1 82586 Channel Attention (CA) Timing 

The CU is responsible for control command acceptance, following the 
trailing edge on CA input. The CU will first finish all its higher 
priority activities and only then accept the control commands. 

Higher priority CU activities that delay CA acceptance are : 

a. Transmit BD prefetch 

b. Transmit buffer switching 

c. Current CB command completion 

The 82586 will accept a CA prior to the set up of the next CB in the 
CBL. 

The CU recognizes an RU control command and notifies the RU. The RU 
will first finish all its higher priority activities, and only then 
accept the control command. 

Higher priority RU activites that delay CA acceptance are : 

a. Receive BD prefetch 

b. Receive buffer switching 

c. Receive end of frame processing 
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Only after the CU and RU have accepted the control command, the SCB 
command word is cleared. At that time the CPU may issue the next CA 
to the 82586. 

Internally to the 82586, the CA trailing edge is detected and 
latched. Prior to reading the SCB control command, the 82586 clears 
the latch. A new CA, given to the 82586 before the SCB command word 
is cleared, may be lost due to its being cleared before serviced. The 
user must refrain from such violations. 

The 82586 does not wait until for reception or transmission to end in 
order to process a CA. The SCB related operations will be carried out 
on an interleaved basis with the transmission or reception process. 


2.7.2 Critical Regions In The Interface To The CPU 


2. 7. 2.1. Common Bus Operation 

When the 82586 and the CPU reside on the same system bus, the bus 
aquisition and release is governed by the HOLD/HLDA protocol. This 
scheme ensures that only one bus master owns the bus at a time. 

The 82586 performs its bus accesses to a descriptor in memory without 
relinquishing the bus. This results in a certain number of system 
clocks where the system bus is owned by the 82586, but no bus 
activity happens. 

The only way for the CPU to enforce the 82586 off the bus during 
descriptor processing, is by dropping HLDA. In this case, the CPU 
and any other master peripheral must refrain from modifying 82586 
memory control structure. 

The affected descriptors are : 

* Command Blocks 

* Receive Frame Descriptors 

* Transmit Buffer Descriptors 

* Receive Buffer Descriptors 

* System Control Block 


2.7.2. 2 Dual Ported RAM Configuration 

In a system where the 82586 communicates with the CPU via Dual Ported 
RAM, the same memory location can be accessed in principle 
simultaneously from both sides. 

To avoid system divergence to unknown state, the CPU can modify the 
control structure for command or receive, only if the corresponding 
82586 unit is in an inactive state (IDLE, SUSPENDED, or NO RESOURCES 
for RU only). 

Note : The 8207 (Dual Port Dynamic RAM Controller) does not fall into this 
category. The 8207 has a LOCK capability, that enables the 82586 to lock 
out the CPU accesses till the 82586 finishes its descriptors process. In 
this way, the limitations noted in this section do not apply to the 8207 
interface. 
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3.0 INITIALIZATION AND CONFIGURATION 


3.1 I NT I AL I ZATI ON 

The 82586 accesses the "Initialization Root" as part of the initialization 
sequence, begun after CA is asserted for the first time following a RESET. 

The Initialization Root consists of two data structures addressed via two 
pointers: the System Configuration Pointer (SCP) and the Intermediate System 
Configuration Pointer (ISCP). 

The primary purpose of this process, in addition to bringing the 82586 into a 
stable state, is to locate the SCB and that in turn defines the 64k byte page 
in which all command/control structures are located. 


3.1.1 THE SYSTEM CONFIGURATION PQINTER (SCP) 

The SCP begins at location 0FFFFF6H and is the only fixed address data 
structure in an 82586 system. It's purpose is to specify the width of the 
data bus used by the 82586 (8 or 16 bits), as well as the location of the 
ISCP. The SCP for the 82586 shares the location 0FFFFF6H with the SCPs of all 
other Master peripherals. The format of the SCP is: 


0FFFFF6H 


0FFFFF8H 


0FFFFFAH 


0FFFFFCH 


0FFFFFEH 


.15 ODD BYTE 8 7 EVEN BYTE 0 



SYSBUS 





A 15 

ISCP ADDRESS 


A23 A16 


where: 

SYSBUS - Specifies whether the system data bus available to the 

82586 is 8-bits or 16-bits wide. A "1" indicates 8-bits, 
and a "0" indicates 16-bits. During the first read 
operation from the SCP, the 82586 assumes a byte wide bus, 
reading the SYSBUS byte. The bus width goes into effect 
immediately after SYSBUS is read. 

ISCP ADDRESS - A 24-bit quantity that is the physical address of the ISCP. 


3.1.2 THE INTERMEDIATE SYSTEM CONTROL PQINTER (ISCP) 

The ISCP specifies the location of the SCB. Usually, all Master peripherals 
in a system will share the same ISCP address. The SCP will often be in ROM 

with the ISCP in RAM. The CPU will load the address of the SCB (or an 

equivalent data structure) for each Master peripheral into the ISCP and assert 

the peripheral's CA. The 82586 now begins initialization procedure to fetch 

the address of the SCB via the SCP and ISCP. 
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The base address of the SCB is also the base address of all Command Blocks, 
Frame Descriptors and Buffer Descriptors (but not buffers) in the system. All 
such data structures must exist in a 64K byte segment. The format of the ISCP 
is: 


.15 

ODD BYTE B 

7 EVEN BYTE 

0 

1 

BUSY 

A 1 5 

SCB 

OFFSET 

A0 

A 1 5 


SCB BASE 

A0 


A23 

A16 


ISCP 
ISCP + 
ISCP + 
ISCP + 


2 

4 

6 





where : 

BUSY - Indicates that the 82586 is being initialized. It is set to 01H 
by the CPU before its first CA to the 82586. It is cleared by 
the 82586 after the SCB base and offset are read. Note that the 
most significant byte of the first word of the ISCP is not 
modified when BUSY is cleared. 

SCB OFFSET - This 16-bit quantity specifies the offset portion of the address 
of the SCB. 

SCB BASE - This 24-bit quantity specifies the base portion of the address 
of the SCB. The base of SCB is also the base of all 82586 
Command Blocks, Frame Descriptors and Buffer Descriptors. 

Note: All descriptors (segment addresses) must start at even addresses in word 

mode. 


3.1.3 INITIALIZATION PROCEDURE 

The CPU sets up the SCP, ISCP, and the SCB structures. It also sets BUSY to 
01H. The initialization procedure is started by the CA signal following a 
RESET. This CA causes the 82586 to access tne SCP at locations 0FFFFF6H (see 
Figure 3.1). The SYSBUS byte is fetched in byte mode. Once the bus width is 
determined, all further memory transfers will be at the specified bus width. 
After the SCP is accessed, the 82586 fetches the ISCP. The 82586 saves the 
base of the SCB (that is, the base of all the control blocks), as well as the 
SCB address. It clears busy, sets CX=1 and CNR=1 in the SCB (see Section 
2.3), clears the SCB Command word, signals an interrupt to the CPU, and waits 
for a CA. 

The RESET configures the 82586, prior to CA, to an operational mode compatible 
with the Ethernet standard. Only Broadcast Address is accepted by the 82bob 
until an Individual Address is set up. If there is a need to change some 
parameters, this can be done with a CONFIGURE command. 
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OFFFFF6H 



- 26 - 























3.2 CONFIGURATION 


Operation parameters are loaded into the 82586 via the configure command (see 
Section 4.3). Configuration parameters are: 

FIFO-LIMIT 

Specifies the point in the FIFO at which the 82586 requests the bus in order 
to transfer data to/from its internal FIFO from/to memory. 


SRDY/ARDY 

Selects between synchronous ready function and asynchronous ready function of 
the SRDY/ARDY pin. 

0 - ARDY - Asynchronous Ready i.e. The Ready signal is internally 

synchronized by the 82586. This adds one wait state to the 
82586 bus cycle. 

1 - SRDY - Synchronous Ready i.e. 82586 assumes that the Ready signal 

is externally synchronized. 

Save-Bad Frame 


Specifies whether errored frames (CRC error. Alignment error, etc.) are to be 
discarded or saved. 0 - discard, 1 - save. In Save Bad-Frame mode, the 
Receive Frame Descriptor, as well as the Receive Buffer Descriptors and 
Receive Buffers are NOT reused for the next frame. In the complementary mode, 
all the descriptors and buffers used for bad frames, will be reused thus, not 
leaving any information about the lost frame except for statistical tallies 
update. 

Address Length 

Determines the length, in bytes, of the address that the 82586 refers to. 

This includes Source, Destination, Multicast, or Broadcast Addresses. 

Address/Control Field Location 

0 - Address and Type Fields are located in consecutive bytes in the 

descriptor. 

1 - The whole frame is located in the data buffers. Source Address 

insertion by the transmitting 82586, is disabled. 

INT-Loopback 


When set, the 82586 disconnects itself from the serial wire and logically 
connects TxD to RxD and TxC to RxC. TxC must still be supplied by the user. 
Internally, TxC is divided by 4. This slows down the serial bit rate 
sufficiently to enable 82586 operation in full duplex. This will alter the 
effective values of all configure command parameters that are defined in terms 
of TxC. Note that this is purely Internal Loopback capability. Note, the 
INT-Loopback bit overrides the EXT-Loopback, i.e. having an INT-Loopback bit 
set, at the same time with EXT-Loopback, causes the 82586 to operate in 
Internal Loopback Mode. 
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EXT-Loopback 


The 82586 will receive and transmit simultaneously, at full rate, a frame 
limited to 18 bytes (including the Frame Check Sequence). This allows 
checking of external hardware as well as the serial link to the transceiver. 
For Ethernet transceivers, since the transmitted data is fed back via the 
receive pair, practically nothing has to be done to perform External Loopback. 
For other transceiver types, the user is responsible for external 
transmi t-recei ve i nterconnecti on . 

Note: Internal Loopback bit overrides External Loopback bit. 

Linear Priority 

These bits define the amount of delay (expressed in Slot Time period units) 
that a station will withold itself from transmission after the Interframe 
Spacing. 

For Linear Priority greater than zero, the 82586 will check the Carrier Sense 
at the timeout completion. If the station senses carrier, it assumes that 
higher priority station (with lower Linear Priority number) grabbed the link 
and will withold itself from transmission. 

All stations being configured to zero Linear Priority is equivalent to 
Ethernet. 

Exponential Priority 

This number provides priority by affecting the average Exponential Backoff 
delay. If: 

EP - is the exponential priority number 
N - the number of colli sons 

r - the random number multiplicant of .the Slot Time 
then, r is chosen randomly according to the following : 

2 MIN [N+EP, 10] 

Thus, for EP = 0, we simply get the Ethernet Exponential Backoff Delay. 

Exponential Backoff Method 

Determines when to start the backoff timeout : 

0 - According to 3-company standard, immediately after the jamming, 

concurrently with Interframe Spacing. 

1 - After the deferring period expires. This method prevents inefficiency 

and throughput loss at short topologies and low bit rates where 
Interframe Spacing may be longer than the Slot Time. 

Interframe Spacing 


Specifies the time period, in TxC units, that the 82586 must wait after 
detecting loss of Carrier Sense before it can begin transmission or reception 
of a frame. The minimum value is 32 and any value less than that will default 
to 32. However, during DUMP STATUS command execution, the original 
configuration number will be read out. 
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Slot Time 


The network Slot Time number or number of TxC cycles in the Slot Time. This 
value is the basis for backoff delay generation. Zero Slot Time number will 
be interpreted by the 82586 as 2048. 

Promiscuous Mode 


If configured to Promiscuous Mode, the 82586 will accept frames independently 
of their Destination Address. 

Broadcast Disable 


Disables reception of frames with Broadcast Address even via the Multicast 
mechanism. Promiscuous Mode bit overwrites the Broadcast Disable Mode. 

Manchester/NRZ 


Specifies whether NRZ or Manchester encoding/decoding is to be performed. 

0 - NRZ. 

1 - Manchester. 

Note, in Manchester mode there is a need for external receive clock recovery 
logic from the receive data. 

Transmit On No CRS 


If set, allows transmission even if there is no CRS back from the transceiver. 
Important for transceivers (non-Ethernet) that do not feed back the 
transmitted signals via the receive pair. 

No CRC Insertion 


0 - CRC is inserted at the end of the frame. 

1 - No CRC insertion - (allows higher level CRC generation). 

CRC-16/CRC-32 

0 - 32-bit Autodin-II CRC. 

1 - 16-bit CCITT CRC. 

Bitstuffing/EOC 

0 - End of Carrier Framing. 

1 - Bitstuffing Framing, with HDLC type start of frame/end of frame 

del imiters. 


Padding 

Only valid if Bitstuffing is set. If set to padding mode, the 82586 will 
append automatically flags to frames, shorter than a Slot Time period. Thus, 
the activity on the link will be for at least one Slot Time period. 
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CRS-Filter 


Specifies the required minimal width of CRS, in TxC cycle units, before it 
will be recognized as a being Carrier Sense. The Carrier Sense Expired state 
is recognized immediately. 

Internal CRS 


Specifies whether Carrier Sense is to be generated internally or externally 
(via CRS pin). 

0 - External. 

1 - Internal. 

CDT-Fi Iter 

Specifies for externally generated Collison Detect, the required width of CDT, 
in TxC cycle units, before Collison Detect will be treated as a collision. 

Internal CDT 


Specifies whether Collision Detect is to be generated internally or externally 
(via CDT pin). 

0 - External, 1 - Internal. 

Operates only with transceivers that do not feed back transmitted data on the 
receive pair, but can sense some other station data. 

Min-Frame-Length 

The minimum frame size, in bytes. No frame that is shorter than the minimum 
will be accepted by the 82586. NOTE: Apart from this mechanism, there are 
some other limitations on the minimum frame length: 

First, frames which are shorter than 6 bytes (even in Save Bad Frame Mode, 
Promiscuous Mode, Address Length of Zero) are discarded. No status is 
reported on such received frames. 

Second, for AC - LOC =0 (when Address Control Location implies data 
separated from control), also frames shorter than 2 x ADDR-LEN + 2 (not 
including the Frame Check Sequence) are discarded. 

Preamble Length 

Selects the length of the preamble including BOF. 

00 - 2 bytes 
01-4 bytes 
10-8 bytes 
11 -16 bytes 

Number of Retries 


The number of retries after collision the 82586 will perform before the 
transmit attempt is aborted. 
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4.0 ACTION COMMANDS 


The action commands reside in the CBL. The general action command structure 
is described in Sec. 2.4. There are three types of action commands : 

a. 82586 Configuration and Setup 

b. Transmission 

c. Diagnostics oriented 


4.1 NOP 

This command results in no action by the 82586, except for that performed in 
normal command process. It is present as an aid to CBL manipulation. The 
format of the NOP command is: 


.15 QDO BYTE EVEN BYTE! 0 


.c 

B 

STATUS 

EL 

S 

■ 


1 1 

CMD 

i i 

A 15 



LINK ADDRESS 

A0 


where : 

LINK ADDRESS, EL, B, C, I, S, OK - As per standard CB's (see Sec. 2.4.2) 

CMD - The NOP command. Value: OH. 

STATUS - Bits 12,13 as per standard CB's (See 

Sec. 2.4.2) 

4.2 INDIVIDUAL ADDRESS SET UP 

This command is used to load the 82586 with the Individual Address. This 
address will be used by the 82586 for recognition of Destination Address and 
insertion of Source Address. 

The format is as follows : 


15 

ODD 

r^ yT f EVEN BYTE £T 

C 

B 

STATUS 

EL 

S 

Id 


n i 

CMD 

A15 

LINK ADDRESS 

A0 

2ND BYTE j JS T BYTE 

JNDIVIDUAL ADDRESS 

1 

NTH BYTE i 

0 
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where: 


LINK ADDRESS, EL, B, C, I, S - As per standard CB's (See Section 2.4.2) 

CMD - The ADDRESS SETUP command. Value: 1H. 

STATUS - Bits 12,13 as per standard CB's (See Sec. 

2.4.2.). 

Note: After RESET, and prior to Individual Address Setup Command execution, 
the 82586 assumes the Broadcast Address as the Individual Address in all 
aspects: i.e.: 

* This will be the Individual Address Match reference. , . m . 

* This will be the Source Address of a transmitted frame (for AC-LOC-O mode 
only) . 

The Individual Address least significant bit must be zero for Ethernet (see 
the Command Structure). However, no enforcement of 0 is provided by the 
82586. Thus, Individual Address with least significant bit 1, is a valid 
Individual Address in all aspects. 

INDIVIDUAL ADDRESS - The individual address of the node. 


4.3 CONFIGURE 

The Configure command is used to load the 82586 with its operating 
narampters (See Section 3.2). The Configure command allows changing only 
part of the parameters by specifying a byte count of less than 12. Any number 
larger than 12 will be truncated to 12. Any number less than 4 will be rounded 
to 4. 

The format of the Configure command is : 
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The interpretation of the fields is as follows (parameters are defined in 
Section 3.2) : 


LINK ADDRESS, EL, B, C, I, S - 

STATUS 

CMD 


As per standard CB's (see Sec. 2.4.2) 
Bits 12,13 as per standard CB's. 

The Configure command value: 2H. 


Byte 1: BYTE-CNT (Bits 0-3) - Byte Count. Number of bytes including this 

one, that hold parameters to be configured. 

NOTES: 

1. In word mode, if programmed to odd number, the last 
byte is truncated. 

2. Number smaller than 4 is interpreted as 4. 

3. Number greater than 12 is interpreted as 12. 


Byte 2: FIFO-LIM (Bits 0-3) 
Byte 3: SRDY/ARDY (Bit 6):0 

1 

SAV-BF (Bit 7) 0 


FIFO LIMIT value 

SRDY/ARDY pin operates as ARDY (internal 
synchronization) 

SRDY/ARDY pin operates as SRDY (external 
synchronization) 

Received bad frames are not saved in the 
memory. 


1 - Received bad frames are saved in the memory. 


Byte 4: ADDR-LEN (Bits 0-2) 


NOTE: 7 is interpreted as 0. 


Number of address bytes. 


AC-LOC (Bit 3) 0 


1 


Address and Type Fields are separated from 
data and are associated with Transmit 
Command Block or Receive Frame Descriptor. 
For transmitted frame, the Source Address is 
generated by the 82586. 

Address and Type Fields are part of the 
transmit/recei ve data buffers, including the 
Source Address. 


PREAM-LEN (Bits 4-5)- 


INT-LPBCK (Bit 6) 
EXT-LPBCK (Bit 7) 


Preamble Length including Beginning Of Frame 
indicator. 

00- 2 bytes 

01- 4 bytes 

10- 8 bytes 

11- 16 bytes 

Internal Loopback. 

External Loopback. 


NOTE: Bits 6 and 7 configured to 1, cause Internal Loopback. 
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Byte 5: LIN-PRIO (Bits 0-2) Linear Priority 

EXP-PRIO (Bits 4-6) Exponential Priority 

BOF-MET (Bit 7) Exponential Backoff Method 

0 - Ethernet 

1 - Short Topology and/or Low Bit Rate (Interframe 

Spacing shorter than the Slot Time). 

Byte 6: INTERFRAME-SPACING Number that indicates the Interframe Spacing 

in TxC period units. 

NOTE: Number smaller than 32 is interpreted as 32. 

Byte 7: SLOT-TIME (L) Slot Time number, low byte. 

Byte 8: SLT-TM (H) (Bits 0 -2) Slot Time, number, high byte. 

NOTES: 

1. Slot Time is the Slot Time number of TxC period units. 

2. Slot Time Number of zero is interpreted as 2048 (2^). 

RETRY-NUM (Bits 4-7) Number of transmission retries on collisions. 

Byte 9: PRM (Bit 0) Promiscous mode 

0 - Non Promiscuous address filtering mode. 

1 - Promiscuous Mode. 

BC-DIS (Bit 1) Broadcast Disable. 

0 - Broadcasted frames accepted. 

1 - Broadcasted frames rejected. 

MANCH/NRZ (Bit 2) Manchester or NRZ encoding/decoding. 

0 - NRZ 

1 - Manchester 

T0N0-CRS (Bit 3) Transmit On No Carrier Sense 

0 - Cease transmission if CRS goes inactive 

during frame transmission (after preamble is 
sent) . 

1 - Continue transmission even if there is no 

Carrier Sense. 

NCRC-INS (Bit 4) No CRC Insertion 

0 - 82586 generates and appends FCS to 

transmitted frames. 

1 - Disable the internal logic that generates 

CRC. 

CRC - 1 6 (Bit 5) CRC Type 

0-32 bit Autodin II CRC polynomial. 

1 - 16 bit CCITT CRC polynomial. 

BT-STF (Bit 6) Bitstuffing 

0 - End Of Carrier mode (Ethernet) 

1 - HDLC like Bitstuffing mode. 
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PAD (Bit 7) 


0 - 


Padding 
No Padding 


1 - Perform padding by transmitting flags for 
the rest of the Slot Time. 

NOTE: PAD has meaning only for Bitstuffing. In EOC mode, PAD value is 
internally enforced to zero. 

Byte 10: CRSF (Bits 0-2) Carrier Sense Filter bits 

CRS-SRC (Bit 3) Carrier Sense Source. 

0 - Carrier Sense Signal externally generated. 

1 - Carrier Sense Signal internally generated. 

CDTF (Bits 4-6) Collision Detect Filter bits 


CDT-SRC (Bit 7) Collision Detect Source 

0 - Collison Detect signal externally generated. 

1 - Collision Detect signal internally generated. 
(Works for a transceiver that does not feed back the transmitted 
signal on the receive pair). 


Byte 11: MIN-FRM-LEN Minimum number of bytes in a frame. Frames 

shorter than the MIN FRM LEN will be treated as 
bad frames. 


4.3.1 CONFIGURATION DEFAULTS 


The reset configures the 82586 to be compatible with the Ethernet 
specifications: 

FIFO LIMIT 

=8 

SRDY/ARDY 

=0 

SAVE BAD FRAME 

=0 

ADDRESS LENGTH 

=6 

ADDRESS/CONTROL 

=0 

FIELD LOCATION 

=0 

I NT LOOPBACK 

=0 

EXT LOOPBACK 

=0 

LINEAR PRIORITY 

=0 

EXPONENTIAL PRIORITY 

=0 

EXPONENTIAL BACKOFF METHOD 

=0 

INTERFRAME SPACING 

=96 
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SLOT TIME 

=512 

PROMISCUOUS MODE 

=0 

BROADCAST DISABLE 

=0 

MANCHESTER/NRZ 

=0 

TRANSMIT ON NO CRS 

=0 

NO CRC INSERTION 

=0 

CRC-1 6/CRC-32 

=0 

BITSTUFF ING/EOC 

=0 

PADDING 

=0 

CRS FILTER 

=0 

INTERNAL CRS 

=0 

INTERNAL CDT 

=0 

CDT FILTER 

=0 

MIN FRAME LENGTH 

=64 

PREAMBLE LENGTH 

=2 

NUMBER OF RETRIES 

= 15 


4.4 MULTICAST ADDRESS SET UP 

This command is used to load the 82586 with the Mul ticast-ID' s that should be 
accepted. This command resets the current filter and reloads it with the 
specified Mul ticast-ID' s. 

The format of the Multicast Address Set Up command is: 

.15 ODD BYTE EVEN BYTE 0 
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where: 


LINK ADDRESS, EL, 
B, C, I, S 

STATUS 

CMD 


As per standard CB's (see Sec. 2.4.2) 

Bits 12, 13 as per standard CB's (See Sec. 2.4.2). 
The MULTICAST ADDRESS SET UP command value: 3H. 


MC-CNT 


MC LIST 


This 14 bit field indicates the number of bytes in the 
MC LIST field. The MC-CNT used, must be a multiple of 
the ADDR-LEN, otherwise, the 82586 truncates the 
MC-CNT to the nearest ADDR-LEN multiple. MC-CNT = 0 
implies reset of the HASH TABLE which is equivalent to 
disabling of the Multicast filtering mechanism. 

A list of Multicast Addresses to be accepted by the 
82586. The least significant bit of each MC address 
must be ' T. Note, the list is compacted, i.e. the 
most significant byte of an address is immediately 
followed by the least significant byte of the next 
address . 


4.5 TRANSMIT 

This command is used to transmit a frame of user data onto the serial link. 
The format of a transmit command is: 


.15 ODD BYTE EVEN BYTE 0 


c 

B 

STATUS 

EL 

S 

- 


1 1 

.CMD 

i i 

A 15 



LINK ADDRESS 


A0 

A 1 5 



BD-PTR 


A0 


2ND BYTE \ .1ST BYTE 

1 


MC 




DESTINATION ADDRESS 

a 




NTH BYTE | 



B15 



.TYPE FIELD 




where : 

LINK ADDRESS, EL, C, B, S, I - As per standard CB's (see Sec. 3.4.2) 
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STATUS 


CMD 

BD-PTR 

DESTINATION 

TYPE-FIELD 


Defined bits are: 

Bits 12, 13 as per standard CB's (See Sec. 2.4.2). 

Bit 10: No Carrier Sense signal during transmission. Carrier 
Sense signal is monitored from the end of Preamble 
transmission until the end of Frame Check Sequence for 
TONO-CRS =1 (Transmit On No Carrier Sense Mode) it 
indicates that transmission has been executed despite 
CRS non-existance. For T0N0-CRS=0 (Ethernet) mode, 
this bit also indicates unsuccessful transmission 
(transmission stopped when lack of Carrier Sense has 
been detected). 

Bit 9: Transmission unsuccessful (stopped) due to Lost of 
Clear To Send signal . 

Bit 8: Transmission unsuccessful (stopped) due to DMA 

Underrun , i.e. data not supplied from the system for 
transmission. 

Bit 7: Transmission Deferred , i.e. transmission was not 
immediate due to 82586 deferring transmission as a 
result of previous link activity. 

Bit 6: Heart-Beat Indicates, that after previously performed 
transmission, and before the recently performed 
transmission, (Interframe Spacing) CDT signal was 
monitored being active. This indicates that the 
Ethernet Transceiver Collision Detect Logic performs 
well . 

The Heartbeat is monitored during the Interframe Spacing 
Period. 

Bit 5: Transmission attempt stopped due Too Many Collisions . 
This happens if the number of retries is exhausted. 

Bits 3-0 Number of Collisions experienced by recently 
transmitted frame. 

The TRANSMIT command: 4H. 

The offset portion of the address of the first TBD 
containing transmit data. BD-PTR = OFFFFH indicates no 
TBD is used. 


■ADDRESS - Contains the Destination Address for the frame. 
The least significant bit (MC) indicates the address type: 
MC = 0: Individual Address 
MC = 1: Multicast or Broadcast Address. 

If the Destination Address bits are 'ALL Ones', this is a 
Broadcast Address. 


The contents of this field are user defined. 
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NOTES: 


1. The DESTINATION-ADDRESS and the TYPE-FIELD are packed i.e. the 
TYPE-FIELD'S least significant byte follows immediately the 
DESTINATION-ADDRESS' s most significant byte. 

2. The DESTINATION-ADDRESS and TYPE-FIELD are not used when the 82586 is 
configured to AC-L0C=0. 

3. For AC~L0C=1 transmit buffers shorter than ADDR-LEN are invalid. The 
transmission will be aborted by DMA Underrun . 

4. Frames which are aborted in the middle of transmission (can result from 
any reason indicated by any of the STATUS bits 8,9,10, and 12) are jammed. 

5. JAMMING RULES: 

a. Jamming will not start before completion of preamble transmission. 

b. Collision detected during transmission of the last 11 bits will not 
result in jamming. 

If the collision is detected during the transmisson of the last bit 
or later, the collision will not be reported and retransmission will 
not take place. This may happen for inval id' frame which is shorter in 
length than the Slot Time. 


4.6 TBR 

This command performs a Time Domain Ref lectometer test on the serial link. By 
performing the command, the user is able to identify shorts or opens and their 
location. Along with transmission of 'All Ones', the 82586 triggers an 
internal timer. The timer measures the time elapsed from transmission start 
until 'echo' is obtained. 'Echo' is indicated by Collision Detect going active 
or Carrier Sense signal drop. 


The TDR command format is : 


15 ODD BYTE EVEN BYTE 0 


c 

B 

STATUS 

EL 

S 

3 

1 | 

CMD 

i i 

AI5 


LINK ADDRESS A0 

LNK 

OK 

XCVR 

pm 

ET 

OPN 

SRT TIME 


where : 


LINK ADDRESS, EL, B, C, I, S - 


STATUS 

CMD 


(See Sec. 


As per standard CB's (see Sec. 2.4.2) 

Bits 12, 13 as per standard CB's 
2.4.2) 

The TDR command. Value: 5H. 
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TIME 


An 11 bit field that specifies the number of TxC 
cycles that elapsed before 'echo' was observed. 
'All Ones' indicates no echo. 

Note, due to the network consisting of various elements as 
transceiver links, transceivers, Ethernet, repeaters etc, the TIME is 
not exactly proportional to problem distance. 

The accuracy of problem location is 0.5Vs/fs where : 

Vs - the wave propogation speed on the link 
fs - the serial clock frequency 

LNK-OK (Bit 15) - No link problem identified. 

TIME = 7FF H. 

XCVR-PRB (Bit 14) - Transceiver Link Problem identified. 

LNK-OK =0. TIME = 7FF H. 

ET-OPN (Bit 13) - Open on the 'Ethernet' link identified LNK_OK = 0. 

ET-SRT (Bit 12) - Short on the 'Ethernet' Link identified. 

LNK-OK = 0. 


4.7 DUMP STATUS 


This command causes the contents of various 82586 registers to be placed in 
memory. It is supplied as an 82586 self diagnostic means plus access to 
registers of interest to the user. 

The DUMP-STATUS command format is: 


15 ODD BYTE EVEN BYTE 0 


c 

B 

STATUS 

EL 

S 

- 


i 1 

CMD 

i i 

A15 



LINK ADDRESS 

A0 

A15 



BUF PTR 

ACT 


where: 

LINK ADDRESS, EL, B, C, I, S - As per standard CB's (see Sec. 2.4.2) 

CMD - The DUMP-STATUS command. Value: 6H. 
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STATUS 


Bits 12, 13 as per standard CB's (See Sec. 
2.4.2). 


BUF-PTR - This 16-bit quantity specifies the offset 

portion of the memory address which points 
to the top of buffer allocated for the 
dumped registers content. 

Note: The user of the DUMP-STATUS command, must allocate a 170 

byte buffer for this purpose. 

4.8 DIAGNOSE 

The Diagnose Command checks the internal to the 82586 timer hardware which 
includes: 

* Exponential Backoff Random Number Generator (Free Run Counter). 

* Exponential Backoff Timeout Counter. 

* Slot Time Period Counter. 

* Collision Number Counter. 

* Exponential Backoff Shift Register. 

* Exponential Backoff Mask Logic. 

* Timer Trigger Logic. 

The DIAGNOSE Command format is : 


,15 ODD BYTE EVEN BYTE 0 


c 

B 

STATUS 

EL 

S 



1 1 

CMD 
j j 

A15 



LINK ADDRESS 

A0 


where: 

LINK ADDRESS, EL, B, C, I, S, - 
STATUS 

CMD 


As per standard CB's (see Sec. 2.4.2) 

Bits 12 and 13 as per standard CB's (See 
Sec. 2.4.2) 

The DIAGNOSE command. Value: 7H. 


The DIAGNOSE is performed in two phases. 
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PHASE 1 


Counters Test 


The Free Run, Exponential Backoff Timeout, Slot Time and Collision Counters 
are checked. Misinterpretation of stuck in state counter as a positive result 
is avoided by checking the counters when performing transition. 

The test is performed in the following steps : 

1. All counters are RESET at once. 

2. Count. 

3. Stop counting when the Free Run Counter (10 bits). Exponential Backoff 
Counter (10 bits), wrap from 'All Ones' to 'All Zeros'. Simultaneously 
Slot Time counter switches from 01111111111 to 10000000000 and the 
collision counter (4 bits) wraps from 'All Ones' to 'All Zeros'. 

Note: Counting is stopped if any of the 3 longer counters wrap, as 
described above. 

4. The 10 least significant bits (if they exist) are checked for being 'All 
Zeros ' . 

If the PHASE 1 passes successfully, this means all the counters count 
properly, including the Free Run Counter. 


PHASE 2 


Trigger Logic Test 

1. Reset the Exponential Backoff Shift Register, and all the counters. 

2. Configure internally the Exponential Backoff logic according to the 
following : 

SLOT-TIME = 8H 

LIN-PRIO = 2H 

EXP-PRIO = 1H 

BOF-MET = OH 

3. Emulate internally transmission and collision. 

4. Is the most significant bit of Exponential Backoff Shift Register ' 1 ' ? If 
not, go to Step 3. If yes, continue. 

5. Check the Mask Logic output for being 'All Ones' (the Free Run Counter is 
'All Ones' at this point and the Exponential Backoff Shift Register is 
also 'All Ones'). 

If Step 5's result is positive, 'Passed' status is issued, otherwise, 'Failed' 
status is issued. 
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5.0 PIN FUNCTIONS 

The 8<;d86 is packaged in a 48 pin DIP. 48 unique pins alone are insufficient 
22 nd -?i t ? e diversity of system configurations and CPU environments that the 
82586 will be placed. To facilitate flexibility for the user, the 82586 is 
equipped in run in a "Maximum Mode" or "Minimum Mode", as controlled bv the 
MN/MX pin. 


5.1 PINOUT LIST 

The 82586 is packaged in Dual In Line (DIP) 48 pin package, 
description is given in Figure 5.1. 


The pin 


rlf 


v cc, v ss 

MN/MX 
AD 0 - AD 15 

A 16' A 18, A 20, A 21 

A 19/ S 6 
a 22 (RD) * 

a 23 (WR) * 

BHE 

READY (ALE) * 

s 0 cm) * 

S x (DT/R) * 
SRDY/ARDY ** 


CLK 

HOLD, HLDA 
CA, INT 
RESET 
TxC, RxC 

TxD, RxD 

CRS 

CDT 

RTS, CTS 


- POWER 

- STRAPPING 

- ADDRESS/DATA 

ADDRESS 

ADDRESS/STATUS 
ADDRESS OR READ 
ADDRESS OR WRITE 

BYTE HIGH ENABLE 
READY OR ALE 
STATUS OR DEN 

STATUS OR DT/R 

SYNCHRONOUS OR 
ASYNCHORNOUS READY 
SYSTEM CLOCK 
BUS ARBITRATION 
HANDSHAKE 
RESET 

TRANSMIT AND 
RECEIVE CLOCKS 
TRANSMIT AND 
RECEIVE DATA 
CARRIER SENSE 
COLLISION DETECT 
SERIAL HANDSHAKE 


A20C 

A19/S6C 
A18C 
A17C 
A16C 
AD15C 
ADM C 
AD13C 
AD12C 
ADI 1C 
AD IOC 
VSS C 
AD9 C 
AD8 C 
AD7 C 
AD6 C 
AD5 C 
AD4 C 
AD3 C 
AD2 C 
ADI C 
ADO C 

Exc c 

vss c 


82586 


.48 

47 

46 

45 

44 

43 

.42 

41 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30| 

29j 

28 

27 

26 

25 


VCC 

A21 

A22 CRD] 

A23 [WR] 

BHE 
HOLD 
HLDA 
ST [DT/R] 

SO CDEN] 
READY CALE] 
.INT 

SRDY/ARDY 

VCC 

CA 

RESET 

MN/MX 

CLK 

CRS 

CDT 

CTS 

rTs 

TXD 

TXC 

RXD 


* STRAPPED OPTION FOR MINIMUM MODE 
VALUE STATED IN BRACKETS 


(MN/MX 1) THE PIN IS DEFINED AS THE 


** 


PROGRAMMABLE 


FIGURE 5.1 82586 (LCC) PINOUT AND THEIR DESCRIPTION 
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5.2 PIN DEFINITIONS 


MN/MX (Input) 

When HIGH, MN selects ITU, WIT, ALE, DEN, DT/R* (Minimum Mode). When LOW, MN 
selects A22, A23, READY, SO, SI (Maximum Mode). Note : The pin should be 
static during 82586 operation. 

ADO - ADI 5 (Input/Output, 3-State) 

These lines constitute the time multiplexed memory address (tl ) and data 
(to, t 3 , tw, t 4 ) bus. In BYTE MODE the high byte will output the 
address during the entire cycle. AD0-AD15 are floated after a Reset or when 
the bus is not acquired. 

A16-A18,A2Q-A23 (Output, 3-State; A22, A23 -Maximum Mode only) 

These lines constitute 7 out of 8 most significant address bits for memory 
operation. They switch during t-j and stay valid during the entire memory 
cycle. These lines are floated after RESET or when the bus is not acquired. 

A19/S6 (Output 3-State) 

During t-j this pin constitutes line 19 of the memory address. During t 2 
thru t 4 the pin is used as a status that indicates that this is a Master 
peripheral cycle, and is HIGH. Its timing is identical to that of ADO - AD15 
during write operation. 

BHE (Output, 3-State) 

The Bus High Enable signal is used to enable data onto the most significant 
half of the data bus. Its timing is identical to that of A16-A23. In word 
mode it is LOW and in byte mode HIGH. Note : After RESET, the 82586 is 
configured to byte mode. Thus, during the first memory access (to SCP block, 
SYSBUS byte) BHE = 1. 

HOLD (Output) 

An active HIGH signal used by the 82586 to request local bus mastership at the 
end of the current CPU bus transfer cycle, or at the end of the current DMA 
burst transfer cycle. In normal operation, HOLD drops before HLDA. The 82586 
can be forced off the bus by dropping HLDA. In that case HOLD will drop at 
most three bus cycles after HLDA drop. 

HLDA (Input) 

An active HIGH Hold Acknowledge signal indicates that the CPU has received the 
HOLD request and that bus control has been relinquished to the 82586. It is 
internally synchronized. After HOLD is detected as being LOW, the processor 
will drive HLDA LOW. Note, IT IS NOT ALLOWED TO CONNECT THE HLDA TO V cc , 
because it will cause a deadlock. User that wants to give a permanent access 
to the bus, to the 82586, should connect the HLDA with HOLD. If the HLDA drops 
before HOLD, then the 82586 will release the bus (by dropping HOLD) at most 
for three bus cycles. For further details see Sec. 5.3.1. 


RESET (Input) 


This active HIGH, internally synchronized signal, causes the 82586 to 
immediately terminate present activity. The signal must be HIGH for at least 
four clock cycles. 82586 will execute RESET within ten system clock cycles 
starting from RESET HIGH. When RESET returns LOW, the 82586 waits for the 
first CA to begin the initialization sequence. 

CA (Input) 

The CA pin is a Channel Attention input which is used by the higher level 
intelligence to initiate execution by the 82586 of memory resident Command 
Blocks. The CA signal is internally synchronized. The signal must be HIGH 
for at least one system clock period. It is latched internally on HIGH to LOW 
edge and then detected by the 82586. 

The first CA after a RESET will fc#ce the 82586 into the initialization 
sequence beginning at location 0FFFFF6H. All subsequent CA's cause the 82586 
to begin execution of new command sequences from the relocatable memory 
address defined during the initialization sequence (the SCB). 

INT (Output) 

Active HIGH interrupt request signal. For further details see Sec. 5.3.2. 

CLK (Input) 

The system clock input from the 80186 or another symmetric clock generator. 

It requires special voltage levels and wave shape as shown in Chapter 8. 

READY (Input; Max Mode only) 

This active HIGH signal is the acknowledgement from the addressed memory that 
the transfer cycle can be completed. While LOW, it causes wait states to be 
inserted. This signal must be externally synchronized with the system clock. 
The internal to 82586 Ready is a logical OR between READY and SRDY/ARDY. 

SRDY/ARDY (Input) 

This active HIGH signal performs the same function as READY. If it is 
programmed at configure time to SRDY, it is identical to READY. If it is 
programmed to ARDY, the positive edge of the Ready signal is internally 
synchronized. Note, the negative edge must still meet setup and hold time 
specifications, when in ARDY mode. The ARDY signal must be active for at 
least signal system clock HIGH periods for proper strobing. The internal to 
82586 Ready is a logical OR between READY (in Maximum Mode only) and 
SRDY/ARDY. Note : Following the RESET this pin assumes ARDY mode. 


“SIT, 5T (Output, 3-State; Max Mode only) 

These are the status pins which define the type of DMA transfer during the 
current memory cycle. They are encoded as follows: 

3T "SO 

0 0 - Not Used 

0 1 - Read Memory 

1 0 - Write Memory 

1 1 - Passive 
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Status is active from the middle of t 4 to the end of t?. They return to 
the passive state (1,1) during t 3 or during tu when READY or ARDY is 
HIGH. These signals can be used by the 8288 Bus Controller to generate all 
memory control and timing signals. Any change from the passive state signals 
the 8288 to begin the next t] to t 4 bus cycle. These pins are pulled HIGH 
and floated after a system RESET and when the bus is not acquired. 

BIT (Output, 3-State; Min Mode only) 

The read strobe indicates that the 82586 is performing a memory read cycle. 

RD is active LOW during to, t 3 and tu of any read cycle. This signal is 
pulled HIGH and floated after a RESET and when the bus is not acquired. 

WR (Output, 3-State; Min Mode only) 

The write strobe indicates that the 82586 is performing a write memory cycle. 
WR is active LOW during t 2 , t 3 and TW of any write cycle. It is pulled 
HIGH and floats after RESET and when the bus is not acquired. 

ALE (Output; Min Mode only) 

Address Latch Enable is provided by the 82586 to latch the address into the 
8282/8283 address latch. It is a HIGH pulse, during the t] - 'clock low' 
time of any bus cycle (see Chapter 8). Note that ALE is never floated. 

DEN (Output, 3-State; Min Mode only) 

Data ENable is provided as an output enable for the 8286/8287 transceivers in 
a stand-alone (no 8288) system. DEN is active LOW during each memory access. 
For a read cycle, it is active from the middle of t 2 until the beginning of 
t 4 , while for a write cycle, it is active from the beginning of to until 
the middle of t 4 . It is pulled HIGH and floats after a system RESET or when 
the bus is not acquired. 

DT/TT (Output, 3-State; Min Mode only) 

Data Transmi t /Receive is used in non-8288 systems that use an 8286/8287 data 
bus transceiver. It controls the direction of data flow through the 
transceiver. Logically, DT/R is equivalent to SI. It becomes valid in the 
t 4 preceding a bus cycle and remains valid until the final t 4 of the 
cycle. This signal is pulled HIGH and floated after a RESET or when the bus 
is not acquired. 

SERIAL CHANNEL SIGNALS: 

TxD (Output) 

Transmitted Serial Data output signal will be HIGH (marking) when not 
transmitting. 
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TxC (Input) 

Transmit data clock provides timing information to the internal serial logic 
depending upon the mode of data transfer. For NRZ mode of operation, data is 
transferred to the TxD pin on the HIGH to LOW transition of the clock. This 
signal input has special voltage levels and waveshape characteristics (see 
Chapter 8). 

RxD (Input) 


Received data input signal input has special voltage levels and waveshape 
characteristics (see Chapter 7). 

“RxC (Input) 

Received data clock signal provides timing information to the internal 
shifting logic depending upon the mode of data transfer. For NRZ data, the 
state of the RxD pin is sampled on the HIGH to LOW transition of the clock. 
This signal input has special voltage levels and waveshape characteristics 
(see Chapter 8). 

RTS (Output) 

A Request To Send signal when LOW, notifies an external interface that the 
82586 has data to transmit. It is forced HIGH after a Reset and when the 
Transmit Serial Unit is not sending data. 

CT5 (Input) 

The active LOW Clear To Send input enables the 82586 transmitter to actually 
send data. It is normally used as an interface handshake to RTS. Dropping 
this signal stops the transmission. It is internally synchronized. If the 
CTS goes inactive, meeting the setup time to TxC negative edge, the 
transmission will be stopped and the RTS will drop within, at most, two TxC 
cycles. 

CRS (Input) 


The active LOW Carrier Sense input is used to notify the 82586 that there is 
traffic on the serial link. It is used only if the 82586 is configured for 
external Carrier Sense. When so configured, external circuitry is required 
for detecting serial link traffic. It is internally synchronized. In order 
to be accepted, the signal must stay active for at least two serial clock 
cycles (for CRSF =0). 

COT (Input) 

The active LOW Collision Detect input is used to notify the 82586 that a 
collision has occurred. It is used only if the 82586 is configured for 
external Collision Detect. External circuitry is required for detecting the 
collision. It is internally synchronized. In order to be accepted, the 
signal must stay active for at least two serial clock cycles 
(for CDTF = 0). 
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The following defines the states and exitations of the state diagram : 
STATES: 


NO BUS REQUEST: 

BUS REQUESTED: 

BUS MASTER/TRANSFERS PERFORMED: 

BUS MASTER/NO TRANSFERS PERFORMED: 


The 82586 is not requesting the bus via 
HOLD, because Internal Bus Request 
(IBRQ) is not pending, or when the IBRQ 
arrived the HLDA level was HIGH. 

The 82586 has issued HOLD HIGH (bus 
request). HLDA is LOW i.e. bus was not 
yet granted. 

The 82586 owns the bus and performs 
transfers. 

The 82586 owns the bus, but not uses it 
for transfers. This is used by the 
82586 to lock the bus for few system 
clock cycles for READ/MODIFY/WRITE 
operations, or when the 82586 knows 
that it will need the bus soon (e.g. 
when buffer switching occurs). 


EXITATIONS 

RESET: 

IBRQ: 


STD: 


SPT4: 


BM: 

MAO: 

NOTES: 


Software or hardware Reset. 

Internal Bus Request. Any internal 
demand to perform bus transfers on the 
bus- e.g. Receive or Transmit DMA, CU 
or RU issued requests. 

Special state different from t-j, 
t?, tw and t 4 , for which 
the 82586 masters the bus, but no 
transfers are performed (ALE, RD, TJR, 
are inactive in Minimum Mode or 
S-j are passive in Maximum Mode). 

State prior to t^ May be to for 
zero wait states or the Iasi TW for any 
number of wait states. 

Byte Mode (SYSBUS = 01 H). 

Memorized AO. AO was true during the 
last t-| (Even-Address bus cycle). 


1. HLDA should be at least HIGH for one system clock period in the case where 
HOLD/HLDA are synchronous to the 82586 system clock. 

2. The HOLD signal will stay LOW for at least two system clock periods after 
it drops. 
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5.3.2 CA/INT HANDSHAKE 


The 82586/CPU handshake is performed by the Channel Attention and 
Interrupt pair and a set of bits in the SCB. 

Thus, the STAT bits in the SCB Status word: 

CX, FR, CNR and RNR (See Sec. 2.3) define the interrupt cause. Similarly, 
the ACK bits in the SCB command word : ACK-CX, ACK-FR, ACK-CNR and ACK-RNR 
define which interrupt cause has been given the CPU's attention. 

The 82586/CPU handshake is a combination of hardware signalling and 
setting/resetting the STAT and ACK bits: 

1. The 82586 sets the STAT field, the bit/s which describe the interrupt 
cause. 

2. The 82586 issues an INT HIGH. The INT stays HIGH until the 82586 
notifies CA. 

3. INT HIGH grabs CPU's attention. The CPU reads the STAT field. 

4. After handling one or more interrupt reasons, CPU sets the 

appropriate bit/s in the ACK field. 

5. CPU issues a CA signal. 

6. Upon sensing the CA, the 82586 reads the ACK field. 

7. The INT drops to LOW. 

8. New STAT is prepared based on clearing the serviced interrupts (since 

it is possible that not all were serviced, therefore, it is possible 
that not all are cleared) and ORing them with new requests. 

9. The new STAT field is written in the SCB and the ACK field is 

cleared. 

10. INT is reissued (HIGH) if one of the STAT bits is one. 

Note, since the INT signal drops LOW, every CA is later reissued if 
necessary. The INT is suitable for triggering dc level interrupt 
controllers and edge triggered controllers as well. 
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6.0 82586 - BASED SYSTEMS 


6.1 PHYSICAL CONFIGURATION 

The 82586 can operate on the local bus of the host CPU as an alternate bus 
master with common status lines. Because the status lines are common, all 
local bus resources can be shared (Clock Generator, 8288 Bus Controller, 
Address Latches and Data Transceivers) . The interface is optimized for use 
with an 80186. The 82586 can be used with an 80286 in dual -ported memory 
configurations using the 8207 Dynamic RAM Controller. The 82586 can also be 
used with an 8086/88, or 8085 using the Multibus. 

All bus timing and loading specifications are consistent with those of the 
80186 system, and are provided in Section 8. 

The 82586 CLK signal input must receive MOS level inputs. The 82586 can work 
with an 80186 or a 10 MHz 8086 using an 8 MHz 50% duty cycle clock (full 
performance), or with a 5 MHz 8086 using a 5 MHz 30% duty cycle clock (reduced 
performance). 

System examples are provided in Section 6.4. 


6.2 MEMORY ADDRESSING AND ORGANIZATION 


The 82586 addresses memory as a linear sequence of 16Mbytes. It automatically 
establishes transfers as high-byte-only or double-byte when used with an 
8086/80186/80286 or as single-byte-only for use with an 8088 or other 8-bit 
processors. 

As a Master Peripheral with the 8088, the 82586 treats memory as a single bank 
(D7-D0) of 1M 8-bit words addressed by address lines A19-A0. Address lines 
A23-A20 and EHE are not used. 

When operating with the 8086/80186, the 82586 treats memory as a high bank 
(D15-D8) and a low bank (D7-D0) of 512K 8-bit wo rds addressed in parallel by 
A19-A1. The 82586 provides two enable signals, BHE and AO, to selectively 
allow reading/writing to either an odd byte loca tion or a full word location. 
Byte transfers with even addresses (A0=LQW, Bh£=HI GH) on D7-D0 are not allowed 
to occur. Odd addressed byt e transfers (A0=HIGH, BHE=L0W) occur on D15-D8. 
Word transfers (A0=L0W, BHE=L0W) are restricted to even addressing. Thus, for 
maximum performance, operands are constrained to be arranged with the least 
significant byte located at an even address. 


The following table summarizes the operation of BHE and AO: 

BHF AO 

0 - 0 Whole word 

0 - 1 Upper byte from/to odd address 

1 - 0 Not applicable 

1 - 1 Not applicable 

When operating with the 80286, the full 16M byte address space is available. 
It has the same characteristics and restrictions as for the 8086/80186. 
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6.3 BUS OPERATION 

Each memory transfer cycle consists of at least four CLK cycles. These are 
referred to as t-j, t2, t3 and t4. The address is generated by the 
82586 beginning at t*j, and data transfer occurs on the bus during t2 
through t3 # in the event that a 'READY* indication is not received from the 
addressed memory, 'WAIT' states (tu) are inserted between t3 and t4. 

Each inserted 'WAIT' state is of the same duration as a CLK cycle. 

The 82586 outputs status (3T and 3Ci) to provide type -of -memory-cycle 
information to the 8288 Bus Controller in Maximum Mode or in Multibus 
Configuration. The 8288 generates the memory read and write commands, and 
issues control signals to the address buffers and data transceivers. The 
82586 provides RD, WR and ALE signals for memory transfers in Minimum Mode. A 
multi-master system bus can be constructed with the use of the 8289 Bus 
Arbiter. The key arbiter inputs are the same as those for the 8288: local 
status lines SI and SO. 

The operation of the 82586 is structured so that all command, status and data 
flow is via memory. Therefore, the S2 status line is not required and is not 
provided by the 82586. No provision is made for transfer to any fixed address 
system resource (I/O or memory). Addresses always increment sequentially. 


6.3.1 READ 

The read cycle begins at t-j with the generation of the address. The memory 
read command signal (MRDC from the 8288) is asserted. This read command causes 
the addressed device to enable its data bus drivers onto the system bus. Some 
time later valid data will drive the READY line HIGH. When the read command 
returns to the HIGH level, the addressed device will again tri-state its data 
bus drivers. If a transceiver (8286/ 8287 ) is required to buffer the local 
bus, the direction (DT/R) and enable (DEN) controls are provided by the 8288 
Bus Controller (or from the 82586). 


6.3.2 WRITE 

A write cycle begins with the generation of the address during t-j. At t2 
the processor generates the data to be written. This data remains valid unti 1 
the middle of t4. During t2, t3 and tw, the advanced memory write 
command from t he 8288 (AMWTC) is asserted, while the normal memory write 
command (MWTC) is asserted during t3 and tu only. The latter command is 
used by older memories that require valid data prior to the write command. 
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6.4 SYSTEM CONFIGURATIONS 


6.4.1 80186 ELEMENTARY MAXIMUM MODE SYSTEM 

SYSTEM INTERFACE 

This is a highly recommended communication system configuration (See Figure 
6.1). Since the 82586 pinout has been optimized for a 80186 microprocessor 
bus; there is only one additional TTL package to integrate the 82586 in an _ 
80186 system. The 82586 is configured to Maximum Mode by strapping the MN/MX 
pin to ground. In this mode the 82586 generates status signals that will be 
used for bus control signal generation. 

The 82586 is clocked by the CLKOUT signal generated by 80186. Thus, the 
already existing address latches, data transceivers and bus controller can be 
shared by the CPU and the 82586. 

The 80186, 82586, SO, SI, are wired together, driving the 8288 bus controller. 
Since the 8288, SO, SI, S2 inputs sustain at HIGH, the SO, SI and S2 lines 
whenever the 80186 and the 82586 corresponding outputs are tristated, 
therefore, there is no need for external pull up resistors on these lines. 
NOTE: S2 8288 input is driven only from the 80186. This status is not 
generated by the 82586 because it accesses memory only (no I/O). The SO, SI 
and S2 are used by the 8288 to generate a full set of standard bus control 
signals. 

The shared data bus of the 80186 and the 82586 is sixteen bits wide. The 
system memory can be accessed either by the 8 0186 or by the 82586 at once. 

Bus arbitration is resolved by the HOLD/HLDA signal pair. The CPU grants the 
bus to the 82586 by issuing the HLDA HIGH as a response to bus request from 
the 82586 (HOLD HIGH). The CPU is able to withdraw its bus grant by dropping 
HLDA low. In this case the 82586 will release the bus within a maximum three 
memory cycles (see 5.3.1). 

It is not recommended that the CPU take away HLDA during transmission or 
reception because there will be a high chance of frame abortion by underrun or 
overrun respectively. 

Communication on the task level between the CPU and the 82586 is accomplished 
by a shared system memory mailbox and the CA/INT handshake. For details See 
5.3.2. 

It is possible to create a multimaster system by using the 8289 bus arbiter . 
It is suggested, that in these systems, the 82586 communication node is 
assigned the highest priority. This will ensure a minimum bus latency for the 
82586 whenever it needs the bus, thus avoiding waste of bus bandwidth by 
underrun or overrun frames. 

To support Ethernet, 10Mbps rate and 9.6 microseconds Interframe Spacing, it 
is sufficient to operate at 8MHz system clock and zero wait state bus cycles. 

Also lower rates and slower memories (that introduce wait state) are possible 
in Ethernet systems. 

SERIAL INTERFACE 

Figure 6.1 displays an Ethernet Serial Interface. 


- 53 - 











6.4.2 8086 ELEMENTARY MAXIMUM MODE SYSTEM 


SYSTEM INTERFACE 


This system (Figure 6.2) is similar in performance to the 80186 Elementary 
Maximum Mode System. However, some extra TTL logic must be externally added. 
There is a need for : 

* HOLD/tiLDA - RQ/ST converter : This logic bridges over the incompatible 8086 
and 82586 bus arbitration protocols. A complete TTL based design that 
performs this function is given in Figure 6.3. A Local Bus Arbiter (LBA) 
device will be available from Intel, integrating of this logic into a 
single 20 pin DIP device. 

* 8259A Programmable Interrupt Controller (PIC) : This device generates the 
interrupt vector for the 8086 which initiates the 8086 execution of 82586 
interrupt service routine. 

* 82285 Clock Generator: This device generates an 8MHz Symmetric Clock for 
the 8086-1 as well as for the 82586. NOTE: the 10MHz 8086-1 is 
absolutely necessary, since the 8086 has been optimized for 33% duty cycle 
clock. Therefore, only 10MHz 8086 can run on 8MHz 50% duty cycle clock. 

The 82285 Clock Generator also generates RESET and READY signals for the 
8086-1/82586 system. 

* Channel Attention Decode Logic : This simple logic generates the CA signal 
based on 8086-1 delivered address and control signal. 

The Maximum Mode configuration is achieved by strapping to ground the MN/MX* 
pins of the 8086-1 and the 82586. In all other aspects, the system interface 
is similar to the one described in Section 6.2.1. 

Similar but lower performance system is possible by using a 5MHz 8086. The 
system configuration is the same as the one in Figure 6.2, except for the 
8284A clock generator that replaces the 8285 clock generator. This system 
runs on a 5MHz/33% duty cycle clock. Thus, an 8MHz 82586 must be used to be 
able to run on a 5MHz non-symmetrical clock. 

SERIAL INTERFACE 

For Ethernet the serial interface is described in Sec. 6.3. 


6.4.3 STANDALONE MULTIBUS^SYSTEM 
SYSTEM INTERFACE 

It is possible for an 82586 CPU system to share a memory interface via the 
Multibus (see Figure 6.4). The Multibus is the Intel's standard bus structure 
which allows Intel's board products to communicate. Standard address latches, 
data transceivers and a bus controller are needed in order to interface to a 
demultiplexed Multibus. 
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FIGURE 6.2: 8086 MAXIMUM SYSTEM 
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Bus Arbiter 8289 is needed, in order to resolve Multibus arbitration. It is 
recommended to assign the 82586 system the highest priority in order to handle 
efficiently the Ethernet communication tasks. INTO - the highest priority 
interrupt request on the Multibus, is used in order to grab remote CPU's 
attention to a completed communications task. 


6.4.4 DUAL PORTED RAM-BASED SYSTEM 
SYSTEM INTERFACE 

When operating at 10Mbps serial bit rate, the 82586 may utilize a significant 
percentage of bus bandwidth, thus leaving insufficent bus bandwidth for other 
than data communication purposes. When the 82586 bus bandwidth utilization is 
intolerable, use of a dual ported memory system, with one port dedicated to 
the 82586, is recommended. Since the 82586 is separated from the CPU, both 
can perform their tasks concurrently i.e. when the 82586 accesses the dual 
ported memory on one port, the CPU can access any other peripheral on the 
other. 

Figure 6.5 displays a typical dual ported memory based system. 

Standard dynamic RAMs and the 8207 DRAM CONTROLLER are the dual ported RAM 
bas ic building blocks. The 8207 provides not only dynamic RAM refresh (RAS 
and CAS), but also arbitrates between each of the process requests and directs 
data to or from the appropriate port. 

The dual ported RAM consists of two memory banks (LOW and HIGH), eight 8283 
latches, their steering logic (four NAND gates plus two inverters), 8207, a 
MUX, and a memory read/write control logic (BYTE MARK LATCHes plus two NAND 
gates. The port is selecte d to read/write from/to the memory via PSEL, PSEN 
8207 generated signals and DEN signals generated by both ports sys tems . The 
LOW or HIGH bank is selected by the BYTE MARK LATCH (driven by AO, BHE and 
PSEN). The transfer direction (read or write) is selected via the WE signal 
from the 8207 and DT/R signals generate^ by both port systems. The port 
arbitration is provided by the 8207, that is strobing-in both port addresses 
via a MUX and outputs the presently selected port address. 

The strobed-in address is chosen by the 8207 gener ated MUX signal. Once the 
processor commanded transfer is executed, an XACK signal is issued by the 8207 
to acknowledge transfer completion. As shown in Figure 6.5 configuration, the 
82586 has absolute control of the dual ported memory, immediately after 
issuing the HOLD signal. This is accomplished by the 8207 LOCK signal driven 
by the 82586 HOLD. 

The 82586 port system shown in Figure 6.5 is similar to the MULTIBUS 
standalone configuration. Thus, a dedicated 82285 Clock Generator is needed 
on the 82586 port. NOTE: If a 22 bit address space is sufficient, the 82586 
can be configured to Minimum Mode (strapping the MN/HX pin to VCC). In this 
mode, the 82586 generates directly the DEN and DT/R signals, thus saving the 
8288 Bus Controller. 
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The CPU port system is represented by a block which drives demultiplexed 
address, data and command buses, plus two I/O ports that generate the CS and 
LPBK signals. It is the user's responsibility to build around a 
microprocessor a CPU system that matches with this CPU definition. 


6.4.5 8088 ELEMENTARY MAXIMUM MODE SYSTEM 
SYSTEM CONFIGURATION 


This system is similar to the 8086 system shown in Figure 6.2. There are a few 
differences: 

* The data bus is 8 bit wide (82586 must be configured to byte mode). 

* The 8086-1 is replaced by the 8088. 

* The 82285 Clock Generator is replaced by the 8284A Clock Generator. 

The whole system runs on 5MHz 8088 non-symmetrical clock. However, on 8MHz 
82586 must be used. 

SERIAL INTERFACE 

Since the system byte transfer rate is only around 30% of the maximum 
performance systems, this configuration is not recommended for Ethernet. This 
configuration is practically applicable for CSMA/CD networks that operate at 
less than 3Mbps serial bit rate, having no restrictions on the 82586 memory 
structure. With some restrictions on the 82586 memory structure (e.g. buffers 
large enough to contain a full frame) higher bit rates but not 10Mbps can be 
supported. 


6.4.6 8085-BASED ELEMENTARY MINIMUM SYSTEM 
SYSTEM INTERFACE 

This is a highly recommended non-Ethernet lower serial bit rate configuration. 
With four devices (8085, 82586, 8185-2 and 8355-2) plus some buffers and 
discrete components, one can build a low cost system as in Figure 6.6 
containing: 

* 256 Bytes of RAM 

* 2K Bytes of ROM 

* 38 I/O pins 

* 4 Interrupt Levels 

* 1 Timer 

* 1 CSMA/CD serial channel 

* 1 Low-rate asynchronous serial channel 

* 1 General purpose CPU. 

This system is very efficient for low-end applications, e.g.: a supermarket 
cash register network. The 82586 is configured to minimum mode by strapping 
the MN/M5( pin to VCC and to byte mode (SYSBUS = 01 H). In this mode, the 82586 
can be wired with the appropriate 8085 address, data and control signals. 
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FIGURE 6.6: 8085 BASED ELEMENTARY MINIMUM SYSTEM 


Since the 8185-2 and the 8355-2 (or 8755-2) internally demultiplex address and 
data, no external data external data latches and transceivers are needed. The 
whole system bus is clocked by a 5MHz clock generated by the 8085. Since this 
clock is symmetrical, a 5MHz 82586 (lower cost) may be used. 

SERIAL INTERFACE 

The restrictions on this system serial interface are similar to Sec. 6.4.5 
system. 
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7.0 SERIAL INTERFACE 

7.1 DATA ENCODING SUPPORT 


The 82586 implements NRZ encoding. Manchester encoding is also supported 
because it has significant advantages over NRZ when considering DC levels, 
maximum data rate, and the elimination of the need for clock busing. 

The encoding technique is specified by NRZ/MANCH in the CONFIGURE COMMAND 
parameter table. 


7.1.1 NRZ 


7. 1.1.1 TRANSMISSION 

Internally the 82586 shifts the data out from an 8-bit parallel inpu t sh ift 
register. The data is shifted out at a lx bau d rate synchronous to TxC. Data 
is shifted out on the falling edge of the TxC, as shown in Figure 7.1. 

The encoding methods chosen for the 82586 allow some tradeoffs between 
hardware cost and speed. Other types of user defined encoding methods can be 
employed using the NRZ mode of operation with TxC and RxC being presented to 
the 82586 by some external encoding logic. 



0 


0 


0 .1 


0 .1 


TxD 



FIGURE 7.1 NRZ WAVEFORM RELATIVE TO TxC 
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7. 1.1. 2 RECEPTION 


Received data i s syn chronously sampled and shifted into the 82586 on the 
falling edge of RxC. The data is sampled exactly in th e se cond half of the 
bit cell (for a 50% duty cycle clock) (Figure 7.2). The RxC line must be 
clean from glitches, otherwise unpredictable actions may result. 


DATA 


RxC 


.1 0 .1 .1 0 0 0 .1 .1 0 .1 



FIGURE 7.2: NRZ RELATIVE TO RxC 


7.1.2 MANCHESTER 

Manchester encoding is a binary signaling mechanism that combines data and 
clock into 'bit-symbols'. Each bit-symbol is split into two halves with the 
second half containing the binary inverse of the first half a transition 
always occurs in the middle of each bit-symbol. 

During the first half of the bit-symbol, the encoded signal is the logical 
complement of the bit value being encoded. During the second half of the bit 
symbol, the encoded signal is the uncomplemented value of the bit being 
encoded. An example of Manchester waveform is shown in Figure 7.3. 
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FIGURE 7;3: AN- EXAMPLE OF MANCHESTER ENCODED DATA 
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When configured to Manchester (via CONFIGURE), the 82586 is capable of 
transmitting a Manchester encoded data. However, it still receives NRZ 
encoded data. At lower than 10Mbps bit rates a simple external hardware is 
required to support Manchester data reception. 


7. 1.2.1 TRANSMISSION 

Figure 7.4 shows an example of Manchester encoded data as transmitted by the 
82586 relative to the TxC pin. 
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FIGURE 7.4: 82586 MANCHESTER TRANSMITTED DATA RELATIVE TO TxC 

The transmitted bit center is aligned with the TxC LOW to HIGH transition. 


7. 1.2. 2 RECEPTION 

The 82586 is capable of receiving NRZ encoded data even if configured to 
Manchester. Thus, RECEIVED NRZ DATA TIMING RESTRICTIONS MUST BE MET (See Sec. 
8.3.2). At lower bit rates simple external hardware can be used to meet the 
required specifications and is shown in Figure 7.5 (a) and (b). 

The hardware consists of positive/negative edge detector triggering a 
one-shot. The one-shot non-triggerable during its non-steady state, is 
triggered some time after the data bit center but before the data bit end. 

The nonsteady period of time must be long enough to mask a potential data bit 
period boundary transition. Figure 8.5 timing parameters must be met by the 
recovered receive clock, relative to the receive 'NRZ' (really Manchester) 
data. 


RxD 



(a) 

FIGURE 7.5a: RECEIVE CLOCK RECOVERY FROM MANCHESTER DATA Cl RC U I T 
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(b) 


FIGURE 7.5b RECOVERED RxC TIMING RELATIVE TO RxD (b) 


7.1-3 TREATMENT OF THE LAST BIT TRANSMITTED 

Following the last bit transmission cell, the TxC pin will be pulled up 
towards VCC. Therefore, independent of the encoding scheme, there may be one 
more transition at the end of the transmission if the TxD is at low voltage at 
the end of the last bit cell. In this way the TxD pin will be in a known 
state when not transmitting. 


7.2 LINK MANAGEMENT CONSIDERATIONS 

This section describes the link management protocol in terms of how it affects 
the serial interface operation. It is intended as a users guide and not as 
the definitive specification 


7.2.1 TRANSMISSION 


A host with a frame to transmit gives it to the 82586 via the action command 
'TRANSMIT.' The CU accepts the command and determines if it can transmit the 
frame onto the serial link. The 82586 always monitors the serial link to 
determine such information as well as when it can look for frames to receive. 

The frame can be transmitted onto the serial link if the station does not 
currently sense traffic on the link and has not for an Interframe Spacing 
(IFS) time. 

If Carrier Sense is high when the CU is given a frame to send, the CU will 
wait until it falls and the IFS timer expires. At that point transmission is 
started. 
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Once transmission has begun, it will continue until the frame is completely 
transmitted or until a collision (or some other error) occurs. In the case of 
a collision, the 82586 will continue to transmit the remainder of the data 
byte in progress an d th en transmit four bytes of all ones. It will then stop 
transmission, drop RTS, and calculate the backoff delay. The actual backoff 
delay timer will not start until the transmitter is quiet. Once the backoff 
timer has expired, the transmitter will start transmitting if the link has 
been quiet for the IFS time. 

NOTE : any a bnormal sit uat ion during transmission as frame abortion, underrun, 
drop of CTS or drop of CRS (if configured to TONOCRS = 0), will cause jamming. 


7.2.2 RECEPTION 

Frame reception begins by the 82586 detecting a carrier on the serial link. 

The detection is filtered so as to prevent noise spikes from starting the RU. 
Once the start of frame is found, the counting of bytes begins for the minimum 
frame size check. As each byte is received, the counter is incremented. A 
frame that does not meet minimum length is discarded. 

The first N=ADDR-LEN bytes are checked to be the node's Individual Address, a 
Broadcast Address or a Multicast Address. If the address is valid, (or 
Promiscuous Mode is set) the reception of the frame is continued. Otherwise 
the frame is discarded without notifying the higher level using the bus. The 
end of the frame is determined by the framing technique specified. If 
Bitstuffing framing is used, then detection of the flag ('01111110') will 
signal end of frame. Any bits after the flag will be ignored. The search for 
the next frame will not begin until IFS time, after the carrier drops. If the 
number of bits after zero bit deletion is not equal to an eight multiple, then 
the residue will be discarded. The Frame Check Sequence is checked on the 
truncated data. Having a residue and a bad FCS will be reported as an 
Alignment Error. 

For the End Of Carrier framing technique, the loss of Carrier Sense indicates 
the end of the frame. This simply means that no more bits are on the wire. 

The end of frame is indicated by the first Carrier Sense drop. Should it 
reappear shortly (a few bit times), no additional bits will be received. If 
Carrier-sense is lost on a non-byte boundary, a similar treatment to 
Bitstuffing Mode will occur. 

The receiver will be blocked for IFS period after carrier goes away, thus, 
being incapable of any reception during this time period. 
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8.0 ELECTRICAL AND TIMING CHARACTERISTICS 

The specifications following are preliminary values and are subject to change 
without notice. 


8.1 D.C. CHARACTERISTICS 

TA = 0 - 70 deg. C, VCC = 5V+/-10% CLK, TxD, TxC, RxD, RxC have MOS levels 
(see VMIL, VMIH, VMOL, VMOH) . All other signals have TTL levels (see VIL, VIH, 
VOL, VOH) . 

NOTE: Industrial and military standard range 82586 devices (at lower 
performace) will be specified after product sampling. 

TABLE 8.1: DC CHARACTERISTICS 


i Symbol 

Parameter 

Min. 

Max. 

Units 

Test 

Conditions 







i VIL 

Input Low Voltage 
(TTL) 

-0.5 

+0.8 

V 


! VIH 

Input high Voltage 
(TTL) 

2.0 

VCC+ 

0.5 

V 


i VOL 

Output Low Voltage 
(TTL) 


0.45 

V 

I0L=2.5mA 

i VOH 

Output High Voltage 
(TTL) 

2.4 


V 

I0H=-400uA 

! VMIL 

Input Low Voltage 
(MOS) 

-0.5 

0.6 

V 


i VMIH 

Input High Voltage 
(MOS) 

3.9 

VCC+ 

0.5 

V 


! VMOL 

Output Low Voltage 
(MOS) 


0.45 

V 

I0L=2.5mA 

i VMOH 

Output High Voltage 

VCC- 

0.5 


V 

I0H=-400uA 

i ili 

Input Leakage 

Current 


+10 

uA 

0 VIN VCC 

! ILO 

i 

i 

Output Leakage 
Current 


+/-10 

uA 

0.45 VOUT VCC 
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TABLE 8.1 continued 


Symbol 


Parameter 


Min. 


Max. ! Units 


Test 

Conditions 


CIN 

Capacitance of 

Input Buffer 

1 10 
i 

i 

pF 

FC=lMHz 

COUT 

Capacitance of 

Output Buffer 

i 

! 20 

i 

pF 

FC=lMHz 

ICC 

Power Supply 

i 

1 450 

i 

mA 

TA=25deg.C 


8.2 SYSTEM INTERFACE A.C. TIMING CHARACTERISTICS 
TA = 0 - 70 Deg. C, VCC 5V+/-1 0% 

Figure 8.1 and Figure 8.2 define how the measurements should be done: 


.INPUT AND OUTPUT WAVEFORMS FOR A.C TESTS 



FIGURE 8; 1: TTL INPUT/QUTPUT VOLTAGE LEVELS FOR TIMING MEASUREMENTS 


3.8V 
3.5V 
,1.5V 
.1.0 V 
0.6V 


T5 


T2 -t 




T3 


T 1 




HIGH LEVEL MAY 
VARY WITH VCC 


MOS I ADMEASUREMENTS ARE TAKEN AT 0.1 AND 0.9 
OF THE VOLTAGE SWING 


FIGURE 8.2: SYSTEM CLOCK MOS INPUT VOLTAGE LEVELS FOR TIMING MEASUREMENTS 


- 69 - 





Figure 8.3, Figure 8.4 and Figure 8.5 show the INT, CA and RESET timings, 
respectively. 



FIGURE 8;4: GA INPUT TIMING 



FIGURE 8,5: RESET TIMING 
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The 82586 SREADY and ARDY timings are shown in Figure 8.6. 



READY SIGNAL 





HOLD/HLOA TIMING 


FIGURE 8.7 HOLD/HLDA TIMING RELATIVE TO CLK 





READ CYCLE 

FIGURE- 8. 8-: - - READ CYCLE - TIMINGS 
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Figure 8.9 shows the Write Cycle timings: 



WRITE CYCLE 

FIGURE 8.9: WRITE CYCLE TIMING 
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Table 8.2 gives all the 82586 system input requirements and Table 8.3 - 
the system output delays. 


TABLE 8.2: 82586 INPUT TIMING REQUIREMENTS 


all units are in nSec 
TIMING REQUIREMENTS 8MHz 


1 1 1 

i Symbol ! Parameter ! Min. 

i i i 

— 

Max. 

— 

Comments'. 

i 

i 

i i i 

!T1 i CLK cycle period ! 125 

i i i 

2000 


i i i 

!T2 ! CLK low time at 1.5V 1 53 

1 1 1 

1000 


1 1 1 

1T3 1 CLK low time at 0.6V 1 42.5 

i i i 

• • * 

1000 

• 

i i i 

:T4 : CLK high time at 1.5V ! 53 

i i i 



i i i 

!t 5 i CLK high time at 3.8V 1 42.5 

i i i 



i i ■ i 

1T6 1 CLK rise time 1 

i i i 

15 

*1 i 

i i i 

. : T7 ! CLK fall time 1 

i i i 

15 

*2 i 

i i i 

1T8 i Data in setup time ! 20 

i i i 



i i i 

i T9 ! Data in hold time ! 10 

ii i 



i i i 

1T10 I Async RDY active setup l 20 

! i time ! 


*3 i 

i i i 

!T11 ! Async RDY inactive setup! 35 

! ! time ! 


• 

*3 i 

1 1 1 

1T12 1 Async RDY hold time ! 15 

i i i 

• • t 


■ 

*3 i 

i * 1 r 1 

!T13 l Synchronous ready/acti ve! 35 

i ! setup ! 


i 

II 1 

• • • 

1T14 ! Synchronous ready hold i 0 

i i time ! 


i 
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Table 8.2 contd 


TIMING REQUIREMENTS 8MHz 


1 

! Symbol 

i 

Parameter 

— 

Min. 

1 

Max. 

i 

Comments ! 
• 


in 5 

HLDA setup time 

20 


*3 

jn6 

HLDA hold time 

10 


*3 

in 7 

Reset setup time 

20 




*3 

• 

!T18 

Reset hold time 

10 


*3 

in 9 

CA pulse width 

1 T1 



i T20 

CA setup time 

20 

15 

*3 

# 1T21 

CA hold time 

10 


*3 


TABLE 8.3: 82586 OUTPUT TIMINGS 

all units are in nSec 

CL ON ALL OUTPUTS IS 20-200 p F UNLESS OTHERWISE SPECIFIED 


i 

! Symbol 

i 

Parameter 

Min. 

Max. 

i 

Comments! 

* 


i 

i T22 

i 

DT/R valid delay 

0 

60 


i 

i T23 

i 

i 

WR, DEN active delay 

0 

70 


i " 

!T24 

i 

i 

WR, DEN inactive delay 

0 

65 
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Table 8.3 contd. . . 


TIMING REQUIREMENTS 


8MHz 
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Table 8.3 contd 


TIMING REQUIREMENTS 8MHz 


■ — "" — 1 

• i 

I Symbol 1 

1 1 

\ - - — " 

Parameter 

i 1 

! Min. 

r- i 

! Max. j 

i 

! Comments 

i 


— 

T40 



RD active delay 

“i 

i o 

i 

95 


T41 

RD inactive delay 

i 

i o 

i 

1 

70 


T42 

RD width 

• 

12T1-50 

i 



T43 

Address float to RD 
active 

i 

: o 

i 



T44 

RD inactive to Address 
active 

i 

in -40 

i 

i 



T45 

WR width 

• 

1214-40 

i 



T46 

Data hold after WR 

i 

1 T2-25 

i 



T47 

Control inactive after 
reset 

i 

i o 

i 

i 

60 

*6 


NOTE LIST : 

*1 - l.OV to 3.5V 

*2 - 3.5V to l.OV 

*3 - to guarantee recognition at next clock 

*4 - CL = 50 d F 
*5 - CL = lOOnF 

*6 - Affects : H 

MIN MODE : RD, WR, DT/R, DEN 
MAX MODE : SO, §1 
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8.3 SERIAL INTERFACE A;C. TIMING CHARACTERISTICS 


8.3.1 CLOCK SPECIFICATION 

Applies for TxC, RxC 
f min = 1MHz +/- 100 ppm 
f max = 10MHz +/-100ppm 
for Manchester, symmetry is needed: 

1 

T51 ,T52 = +/- 5% 

2f 


8.3.2 A.C . TIMING CHARACTERISTICS 

Figure 8.10 and 8.11 define how the measurement should be done. 


INPUT AND OUTPUT WAVEFORMS FOR A.C TESTS 


2.4 

D.45 



TEST POINTS 


KZ 


AC TESTING INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC 1 
AND 0.43V FOR A LOGIC 0. TIMING MEASUREMENTS ARE 
MADE AT 1.5V FOR BOTH A LOGIC 1 AND 0 


FIGURE 8;10; TTL INPUT/OUTPUT VOLTAGE LEVELS FOR TIMING MEASUREMENTS 



MOS I ADMEASUREMENTS ARE TAKEN AT 0.1 ANO 0 9 
OF ThC VOLTAGE SWING 


FIGURE 8.111 SERIAL CLOCK INPUT VOLTAGE LEVELS FOR TIMING MEASUREMENTS 
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Table 8.4 specifies the serial side timing requirements: 

TABLE 8.4: TRANSMIT & RECEIVE TIMING PARAMETER SPECIFICATION 
All units are nSec. 


1 1 

I Symbol j 

i i 

Parameter ! Min. 1 

i i 

i 

Max. ! 

i 

Comments i 

i 

TRANSMIT CLOCK PARAMETERS 

! T48 

TxC Cycle 

100 

1000 

* 1,2 i 

I T48 

TxC Cycle 

100 


*1,3 j 

j T49 

TxC Rise Time 


5 

*1 i 

‘ T50 

TxC Fall Time 


5 

*i i 

j T51 

TxC High Time 

40 

1000 

*i i 

1 T52 

TxC Low Time 

40 


*i,4 : 

i 

TRANSMIT DATA PARAMETERS 

1 T53 

TxD Rise Time 



*1, 5 

i T54 

TxD Fall Time 


10 

*1, 5 

l T55 

TxD Transition - Transition 

35 


*1,2,5 

! T56 

TxC Low to TxD Valid 


40 

*1,3,5 

* T57 

TxC Low to TxD Transition 


40 

*1,2,5 

! T58 

TxC High to TxD Transition 


40 

*1,2,5 

! T59 

TxC Low to TxD High at the 
Transmission end 


40 

*1, 5 
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1 

i Symbol 

i 

Parameter 

Min. 

Max. 

Comments ! 

i 

REQUEST TO SEND/CLEAR TO SEND PARAMETERS 

! T60 

TxC Low to RTS Low Time to 
Activate RTS 


— 

40 

*6 

T6I 

CTS Valid to TxTT Low CIS 
Set-up Time 

45 


*6 

! T62 

TxC Low to CT$ Invalid. 

CTS Hold Time 

20 


*6,7 

! T63 

TxC Low to RTS High. Time 
to deactivate RTS 


40 

*6 


RECEIVE CLOCK PARAMETERS 


T64 

— 

RxC Clock Cycle 

100 

— 

, 

*1,3 

T65 

RxC Rise Time 


5 

*1 

T66 

RxC Fall Time 

i 

r 

5 i *i 

T67 

RxC High Time 

! 40 

i 

iooo : *i 

i 

168 

kxC Low Time 

! 40 

i 


RECEIVE DATA PARAMETERS 


1 T69 

RxD Setup Time 

30 


*i 

! T70 

RxD Hold Time 

30 


*1 

! T71 

RxD Rise Time 


10 

*1 

! T72 

RxD Fall Time 


10 

*1 
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Table 8.4 Cont 


1 1 

i Symbol i 

i i 

i 

Parameter i 

i 

i i i 

! Min. ! Max. i 

i i i 

i i 

1 Comments i 

i i 


CARRIER SENSE/COLLISION DETECT PARAMETERS 


i 

! T73 

i 

i 

— 

CDT Valid to TxC Low Ext. , 
Collision Detect Setup Time , 

1 

i 

30 i 

1 

*12 

i 

I T74 

i 

TxC Low to CDT Inactive. 

CDT Hold Time 

1 

20 i 

1 

*12 

i 

1 T75 

i 

CDT Low to Jamming Start 

1 

i *8 

1 


i 

! T76 

i 

CRS Valid to TxC Low Ext. , 
Carrier Sense Setup Time 

mHm 

*12 

i 

! 177 

i 

TxC Low to CftS Inactive i 

CRS Hold Time ! 

m 

*12 

i 

! T78 

i 

i 

CRS Low to Jamming Start i 

i 

i 

■ *9 

i 


i ■ 

• T79 

Jamming Period J 

i 

*10 i 


i 

! T80 

i 

CRS Inactive Setup Time to i 
RxC High. End of Receive PktJ 

i 

60 i 

i 


i 

! T81 

i 

CRS Inactive Hold Time to ; 
RxC High. End of Receive Pkt! 

i 

io i 

i 



INTERFRAME SPACING PARAMETER 


i 1 

j T82 j 

i i 

1 Inter Frame Delay J 

i i 

! *n 


i 

i 
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NOTES: 

*1 - MOS levels. 

*2 - Manchester only. 

*3 - NRZ only 

*4 - Manchester requires 50% Duty Cycle 
*5 - 1TTL Load + 50 D F. 

*6 - 1TTL Load + 100 p F. 

*7 - Abnormal End of Transmission. CTS Expires Before RTS. 

*8 - Programmable value: 

T81 = NCDF x T54 +(12.5 to 23.5) x T54 if collision occurs after preamble 
NCDF - The Collision Detect Filter Configuration Value. 

*9 - Programmable Value: 

T84 = NCSF x T54 +(12.5 to 23.5) x T54 

NCSF - The Carrier Sense Filter Configuration Value. 

TBD is a function of Internal /External Carrier Sense Bit 

* 10 T85 = 32 x T54 

* 11 Programmable value: 

T88 = NIFS x T48 

NIFS - The IFS Configuration Value. 

If NIFS 31 then NIFS is enforced to 32. 

*12 To guarantee recognition on the next clock. 
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451 E. 124th Avenue 
Thornton 80241 
Tel: (303) 457-9953 
TWX: 910-936-0770 

tHamilton/Avnet Electronics 
8765 E. Orchard Road 
Suite 708 
Englewood 8C11 
Tel: (303) 740-1017 
TWX: 910-935-0787 


tArrow Electronics, Inc. 
521 Weddell Drive 
Sunnyvale 94086 
Tel: (408) 745-6600 
TWX: 910-339-9371 


tArrow Electronics, Inc. 
19748 Dearborn Street 
Chatsworth 91311 
Tel: (213) 701-7500 
TWX: 910-493-2086 


tHamilton/Avnet Electronics 
350 McCormick Avenue 
Costa Mesa 92626 
Tel: (714) 754-6051 
TWX: 910-595-1928 


tHamilton/Avnet Electronics 
19515 So. Vermont Avenue 
Torrance 90502 
Tel: (213) 615-3909 
TWX: 910-349-6263 


tHamilton/Avnet Electronics 
1175 Bordeaux Drive 
Sunnyvale 94086 
Tel: (408) 743-3300 
TWX: 910-339-9332 


CONNECTICUT 

tArrow Electronics, Inc. 

12 Beaumont Road 
Wallingford 06492 
Tel: (203) 265-7741 
TWX: 710-476-0162 

tHamilton/Avnet Electronics 
Commerce Industrial Park 
Commerce Drive 
Danbury 06810 
Tel: (203) 797-2800 
TWX: 710-456-9974 

tHarvey Electronics 
112 Main Street 
Norwalk 06851 
Tel: (203) 853-1515 
TWX: 710-468-3373 

FLORIDA 

tArrow Electronics, Inc. 
1001 N.W. 62nd Street 
Suite 108 

Ft. Lauderdale 33309 
Tel: (305) 776-7790 
TWX: 510-955-9456 


tHamilton/Avnet Electronics 
4545 Viewridge Avenue 
San Diego 92123 
Tel: (714) 641-1850 
TWX: 910-595-2638 

tHamilton/Avnet Electronics 
10912 W. Washington Boulevard 
Culver City 20230 
Tel: (213) 558-2458 
TWX: 910-340-6364 


tHamilton Avnet/Electronics 
21050 Erwin Street 
Woodland Hills 91367 
Tel: (213) 883-0000 
TWX: 910-494-2207 


tHamilton Electro Sales 
3170 Pullman Street 
Costa Mesa 92626 
Tel: (714) 641-4109 
TWX: 910-595-2638 


tHamilton/Avnet Electronics 
4103 Northgate Boulevard 
Sacramento 95834 
Tel: (916) 920-3150 


Kierulff Electronics, Inc. 
3969 E. Bayshore Road 
Palo Alto 94303 
Tel: (415) 968-6292 
TWX: 910-379-6430 


Kierulff Electronics, Inc. 
14101 Franklin Avenue 
Tustin 92680 
Tel: (714) 731-5711 
TWX: 910-595-2599 


tArrow Electronics, Inc. 

50 Woodlake Drive W. 

Bldg. B 

Palm Bay 32905 
Tel: (305) 725-1480 
TWX: 510-959-6337 

tHamilton/Avnet Electronics 
6801 N.W. 15th Way 
Ft. Lauderdale 33309 
Tel: (305) 971-2900 
TWX: 510-956-3097 

tHamilton/Avnet Electronics 
3197 Tech: Drive North 
St. Petersburg 33702 
Tel: (813) 576-3930 
TWX: 810-863-0374 

tPioneer/Alta Monte Springs 
221 N. Lake Blvd. 

Suite 412 

Alta Monte Springs 32701 
Tel: (305) 859-3600 
TWX: 810-853-0284 

tPioneer/Ft. Lauderdale 
1500 62nd Street N.W. 

Suite 506 

Ft. Lauderdale 33309 
Tel: (305) 771-7520 
TWX: 510-955-9653 


tArrow Electronics, Inc 
2979 Pacific Drive 
Norcross 30071 
Tel: (404) 449-8252 
TWX: 810-766-0439 


Kierulff Electronics, Inc. 
2585 Commerce Way 
Los Angeles 90040 
Tel: (213) 725-0325 
TWX:' 910-580-3666 


tHamilton/Avnet Electronics 
5825 D. Peachtree Corners 
Norcross 30092 
Tel: (404) 447-7500 
TWX: 810-766-0432 


tWyle Distribution Group 
124 Maryland Street 
El Segundo 90245 
Tel: (213) 322-8100 
TWX: 910-348-7140 or 7111 


tPioneer/Georgia 
5835B Peachtree Corners E 
Norcross 30092 
Norcross 30092 
Tel: (404) 448-1711 
TWX: 810-766-4515 


tArrow Electronics, Inc. 
2000 E. Alonquin Street 
Schaumberg 60195 
Tel: (312) 397-3440 
TWX: 910-291-3544 

tHamilton/Avnet Electronics 
1130 Thorndale Avenue 
Bensenville 60106 
Tel: (312) 860-7780 
TWX: 910-227-0060 

tPioneer/Chicago 
1551 Carmen Drive 
Elk Grove Village 60007 
Tel: (312) 437-9680 
TWX: 910-222-1834 


tArrow Electronics, Inc. 
5230 W. 73rd Street 
Edina 55435 
Tel: (612) 830-1800 
TWX: 910-576-3125 

tHamilton/Avnet Electronics 
10300 Bren Road East 
Minnetonka 55343 
Tel: (612) 932-0600 
TWX: (910) 576-2720 

tPioneer/Twin Cities 
10203 Bren Road East 
Minnetonka 55343 
Tel: (612) 935-5444 
TWX: 910-576-2738 


INDIANA 

tArrow Electronics, Inc. 

2718 Rand Road 
Indianapolis 46241 
(317) 243-9353 
TWX: 810-341-3119 

tHamilton/Avnet Electronics 
485 Gradle Drive 
Carmel 46032 
Tel: (317) 844-9333 
TWX: 810-260-3966 

tPioneer/Indiana 
6408 Castleplace Drive 
Indianapolis 46250 
Tel: (317) 849-7300 
TWX: 810-260-1794 

KANSAS 

tHamilton/Avnet Electronics 
9219 Quivera Road 
Overland Park 66215 
Tel: (913) 888-8900 
TWX: 910-743-0005 

MARYLAND 

tHamilton/Avnet Electronics 
6822 Oak Hall Lane 
Columbia 21045 
Tel: (301) 995-3500 
TWX: 710-862-1861 

tMesa Technology Corporation 
16021 Industrial Drive 
Gaithersburg 20877 

Tel: (301) 948-4350TWX: 710-828-9702 
tPioneer 

9100 Gaither Road 
Gaithersburg 20877 
Tel: (301) 948-0710 
TWX: 710-828-0545 

MASSACHUSETTS 

tArrow Electronics, Inc. 

1 Arrow Drive 
Woburn 01801 
Tel: (617) 933-8130 
TWX: 710-393-6770 

tHamilton/Avnet Electronics 
50 Tower Office Park 
Woburn 01801 
Tel: (617) 935-9700 
TWX: 710-393-0382 

tHarvey/Boston 
44 Hartwell Avenue 
Lexington 02173 
Tel: (617) 863-1200 
TWX: 710-326-6617 

MICHIGAN 

tArrow Electronics, Inc. 

3810 Varsity Drive 
Ann Arbor 48104 
Tel: (313) 971-8220 
TWX: 810-223-6020 

tPioneer/Michigan 
13485 Stamford 
Livonia 48150 
Tel: (313) 525-1800 
TWX: 810-242-3271 

tHamilton/Avnet Electronics 
32487 Schoolcraft Road 
Livonia 48150 
Tel: (313) 522-4700 
TWX: 810-242-8775 

tHamilton/Avnet Electronics 
2215 29th Street S.E. 

Space A5 

Grand Rapids 49508 
Tel: (616) 243-8805 
TWX: 810-273-6921 


MISSOURI 

tArrow Electronics, Inc. 
2380 Schuetz 
St. Louis 63141 
Tel: (314) 567-6888 
TWX: 910-764-0882 

tHamilton/Avnet Electronics 
13743 Shoreline Court 
Earth City 63045 
Tel: (314) 344-1200 
TWX: 910-762-0684 

NEW HAMPSHIRE 

tArrow Electronics, Inc. 

1 Perimeter Road 
Manchester 03103 
Tel: (603) 668-6968 
TWX: 710-220-1684 


NEW JERSEY 

tArrow Electronics, Inc. 
Pleasant Valley Avenue 
Moorestown 08057 
Tel: (215) 928-1800 
TWX: 710-897-0829 

tArrow Electronics, Inc. 

2 Industrial Road 
Fairfield 07006 
Tel: (201) 575-5300 
TWX: 710-998-2206 

tHamilton/Avnet Electronics 
1 Keystone Avenue 
Bldg. 36 

Cherry Hill 08003 
Tel: (609) 424-0110 
TWX: 710-940-0262 

tHamilton/Avnet Electronics 
10 Industrial 
Fairfield 07006 
Tel: (201) 575-3390 
TWX: 7 10-734-4388 

tHarvey Electronics 
45 Route 46 
Pinebrook 07058 
Tel: (201) 575-3510 
TWX: 710-734-4382 

tMTI Systems Sales 
383 Route 46 W 
Fairfield 07006 
Tel: (201) 227-5552 


NEW MEXICO 

tAlliance Electronics Inc. 
11030 Cochiti S.E. 
Albuquerque 87123 
Tel: (505) 292-3360 
TWX: 910-989-1151 


tHamilton/Avnet Electronics 
2524 Baylor Drive S.E. 
Albuquerque 87106 
Tel: (505) 765-1500 
TWX: 910-989-0614 


NEW YORK 

tArrow Electronics, Inc. 
900 Broad Hollow Road 
Farmingdale 11735 
Tel: (516) 694-6800 
TWX: 510-224-6126 


tArrow Electronics, Inc. 
3000 South Winton Road 
Rochester 14623 
Tel: (716) 275-0300 
TWX: 510-253-4766 


tArrow Electronics, Inc. 
7705 Maltage Drive 
Liverpool 13088 
Tel: (315) 652-1000 
TWX: 710-545-0230 


tArrow Electronics, Inc. 
20 Oser Avenue 
Hauppauge 11788 
Tel: (516) 231-1000 
TWX: 510-227-6623 
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DOMESTIC DISTRIBUTORS 



NEW YORK (Cont’d) 


OHIO (Cont’d) 


TEXAS (Cont’d) 


ALBERTA (Cont’d) 


fHamilton/Avnet Electronics 
333 Metro Park 
Rochester 14623 
Tel: (716) 475-9130 
TWX: 510-253-5470 


tPioneer/Dayton 

4433 Interpoint Boulevard 

Dayton 45424 

Tel: (513) 236-9900 

TWX: 810-459-1622 


tHamilton/Avnet Electronics 
8750 West Park 
Hosuton 77063 
Tel: (713) 780-1771 
TWX: 910-881-5523 


Zentronics 
Bay #1 

3300 14th Avenue N.E. 
Calgary T2A 6J4 
Tel: (403) 272-1021 


tHamilton/Avnet Electronics 
16 Corporate Circle 
E. Syracuse 13057 
Tel: (315) 437-2641 
TWX: 710-541-1560 

tHamilton/Avnet Electronics 
5 Hub Drive 

Melville, Long Island 11747 
Tel: (516) 454-6000 
TWX: 510-224-6166 

tHarvey Electronics 
P.O. Box 1208 
Binghamton 13902 
Tel: (607) 748-8211 
TWX: 510-252-0893 

tHarvey Electronics 
60 Crossway Park West 
Woodbury, Long Island 11797 
Tel: (516) 921-8700 
TWX: 510-221-2184 

tHarvey/Rochester 
840 Fairport Park 
Fairport 14450 
Tel: (716) 381-7070 
TWX: 510-253-7001 

tMTI Systems Sales 
38 Harbor Park Drive 
Port Washington 11050 
Tel: (516) 621-6200 
TWX: 510-223-0846 

NORTH CAROLINA 

tArrow Electronics, Inc. 

938 Burke Street 
Winston-Salem 27101 
Tel: (919) 725-8711 
TWX: 510-931-3169 

tHamilton/Avnet Electronics 
3510 Spring Forest Drive 
Raleigh 27604 
Tel: (919) 878-0819 
TWX: 510-928-1836 

tPioneer/Carolina 
103 Industrial Avenue 
Greensboro 27406 
Tel: (919) 273-4441 
TWX: 510-925-1114 

OHIO 

tArrow Electronics, Inc. 

7620 McEwen Road 
Centerville 45459 
Tel: (513) 435-5563 
TWX: 810-459-1611 

tArrow Electronics, Inc. 

6238 Cochran Road 
Solon 44139 
Tel: (216) 248-3990 
TWX: 810-427-9409 

tHamilton/Avnet Electronics 
954 Senate Drive 
Dayton 45459 
Tel: (513) 433-0610 
TWX: 810-450-2531 

tHamilton/Avnet Electronics 
4588 Emery Industrial Parkway 
Warrensville Heights 44128 
Tel: (216) 831-3500 
TWX: 810-427-9452 


tPioneer/Cleveland 
4800 E. 131st Street 
Cleveland 44105 
Tel (216) 587-3600 
TWX: 810-422-2211 


tPioneer/Austin 
9901 Burnet Road 
Austin 78758 
Tel: (512) 835-4000 
TWX: 910-874-1323 


OKLAHOMA 

tArrow Electronics, Inc. 

4719 S. Memorial Drive 

Tulsa 74145 

Tel: (918) 665-7700 

OREGON 

tAlmac Electronics Corporation 
8022 S.W. Nimbus, Bldg. 7 
Beaverton 97005 
Tel: (503) 641-9070 
TWX: 910-467-8743 

tHamilton/Avnet Electronics 
6024 S.W. Jean Road 
Bldg. C, Suite 10 
Lake Oswego 97034 
Tel: (503) 635-7848 
TWX: 910-455-8179 

PENNSYLVANIA 

tArrow Electronics, Inc. 

650 Seco Road 
Monroeville 15146 
Tel: (412) 856-7000 

tPioneer/Pittsburgh 
259 Kappa Drive 
Pittsburgh 15238 
Tel: (412) 782-2300 
TWX: 710-795-3122 

tPioneer/Delaware Valley 
261 Gibralter Road 
Horsham 19044 
Tel: (215) 674-4000 
TWX: 510-665-6778 

TEXAS 

tArrow Electronics, Inc. 

13715 Gama Road 
Dallas 75234 
Tel: (214) 386-7500 
TWX: 910-860-5377 

tArrow Electronics, Inc. 

10899 Kinghurst 
Suite 100 
Houston 77099 
Tel: (713) 530-4700 
TWX: 910-880-4439 

tArrow Electronics, Inc. 10125 

Metropolitan 

Austin 78758 

Tel: (512) 835-4100 

TWX: 910-874-1348 


tPioneer/Dallas 
13710 Omega Road 
Dallas 75234 
Tel: (214) 386-7300 
TWX: 910-850-5563 

tPioneer/Houston 
5853 Point West Drive 
Houston 77036 
Tel: (713) 988-5555 
TWX: 910-881-1606 

UTAH 

tHamilton/Avnet Electronics 
1585 West 2100 South 
Salt Lake City 84119 
Tel: (801) 972-2800 
TWX: 910-925-4018 

Wyle Distribution Group 
1959 South 4130 West. Unit B 
Salt Lake City 84104 
Tel: (801) 974-9953 

WASHINGTON 

tAlmac Electronics Corporation 
14360 S.E. Eastgate Way 
Bellevue 98007 
Tel: (206) 643-9992 
TWX: 910-444-2067 

tArrow Electronics, Inc. 

14320 N.E. 21st Street 
Bellevue 98007 
Tel: (206) 643-4800 
TWX: 910-444-2017 

tHamilton/Avnet Electronics 
14212 N.E. 21st Street 
Bellevue 98005 
Tel: (206) 453-5874 
TWX: 910-443-2469 

WISCONSIN 

tArrow Electronics, Inc. 

430 W. Rausson Avenue 
Oakcreek 53154 
Tel: (414) 764-6600 
TWX: 910-262-1193 

tHamilton/Avnet Electronics 
2975 Moorland Road 
New Berlin 53151 
Tel: (414) 784-4510 
TWX: 910-262-1182 

CANADA 


tHamilton/Avnet Electronics 
2401 Rutland 
Austin 78757 
Tel: (512) 837-8911 
TWX: 910-874-1319 

tHamilton/Avnet Electronics 
2111 W. Walnut Hill Lane 
Irving 75062 
Tel: (214) 659-4100 
TWX: 910-860-5929 


ALBERTA 

tHamilton/Avnet Electronics 
2816 21st Street N.E. 
Calgary T2E 6Z3 
Tel: (403) 230-3586 
TWX: 03-827-6 42 


tL.A. Varah, Ltd. 

4742 14th Street N.E. 
Calgary T2D 6L7 
Tel: (403)230-1235 
TWX: 038-258-97 


BRITISH COLUMBIA 


L.A. Varah, Ltd. 
2077 Alberta Street 
Vancouver V5Y 1C4 
Tel: (604) 673-3211 
TWX: 610-929-1068 


Zentronics 

108-11400 Bridgeport Road 


V6X 1T2 
Tel: (604) 273-5575 
TWX: 04-5077-89 


MANITOBA 

L.A. Varah, Ltd. 

12-1832 King Edward Street 
Winnipeg R2R ONI 
Tel: (204) 633-6190 
TWX: 07-55-365 


Zentronics 
590 Berry Street 
Winnipeg R3H OS1 
Tel: (204) 775-8661 


ONTARIO 


Hamilton/Avnet Electronics 
6845 Rexwood Road 
Units G & H 
Mississauga L4V 1R2 
Tel: (416) 677-7432 
TWX: 610-492-8867 


Hamilton/Avnet Electronics 
210 Colonnade Road South 
Nepean K2E 7L5 
Tel: (613) 226-1700 
TWX: 05-349-71 

L.A. Varah, Ltd. 

505 Kenora Avenue 
Hamilton L8E 3P2 
Tel: (416) 561-9311 
TWX: 061-8349 


Zentronics 
8 Tilbury Court 
Brampton L6T 3T4 
Tel: (416) 451-9600 
TWX: 06-976-78 

Zentronics 

564/10 Weber Street North 
Waterloo N2L 5C6 
Tel: (519) 884-5700 

Zentronics 
590 Berry Street 
Winnipeg R3H OS1 
Tel: (204) 775-8661 


QUEBEC 

Hamilton/Avnet Electronics 
2670 Sabourin Street 
St. Laurent H4S 1M2 
Tel: (514) 331-6443 
TWX: 610-421-3731 

Zentronics 
506 Locke Street 
St. Laurent H4T 1X7 
Tel: (514) 735-5361 
TWX: 05-827-535 
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EUROPEAN SALES OFFICES 


inV 


Intel Corporation S.A. 
Parc Seny 

Rue du Moulin a Pap 
Boite 1 

B-1160 Brussels 
Tel: (02)661 07 11 
TELEX: 28414 


Intel Denmark A/S* 
Lyngbyvej 32F 2nd Floor 
DK-2100 Copenhagen East 
Tel: (01) 18 20 00 
TELEX: 19567 

FINLAND 

Intel Finland OY 
Hameentie 103 
SF - 00550 Helsinki 55 
Tel: 0/716 955 
TELEX: 123 332 

FRANCE 

Intel Corporation, S.A.R.L.* 
5 Place de la Balance 
Silic 223 

94528 Rungis Cedex 
Tel: (01) 687 22 21 
TELEX: 270475 


FRANCE (Cont’d) 


Intel Corporation, S.A.R.L. 
Immeuble BBC 
4 Quai des Etroits 
69005 Lyon 
Tel: (7) 842 40 89 
TELEX: 305153 


WEST GERMANY 

Intel Semiconductor GmbH* 
Seidlstrasse 27 
D-8000 Muenchen 2 
Tel: (89) 53891 
TELEX: 05-23177 INTL D 

Intel Semiconductor GmbH* 
Mainzer StraSse 75 
D-6200 Wiesbaden 1 
Tel: (6121) 70 08 74 
TELEX: 04186183 INTW D 

Intel Semiconductor GmbH 

Brueckstrasse 61 

7012 Fellbach 

West Germany 

Tel: (711) 58 00 82 

TELEX: 7254826 INTS D 

Intel Semiconductor GmbH* 
Hohenzollern Strasse 5* 
3000 Hannover 1 
Tel: (511) 34 40 81 
TELEX: 923625 INTH D 

Intel Semiconductor GmbH 
Ober-Ratherstrasse 2 
D-4000 Dusseldorf 30 
Tel: (211) 65 10 54 


ISRAEL 


SWEDEN 


Intel Semiconductor Ltd.* 

P.O. Box 1659 

Haifa 

Tel: 4/524 
TELEX: 46511 


ITALY 

Intel Corporation Italia Spa* 
Milanofiori, Palazzo E 
20094 Assago (Milano) 

Tel: (02) 824 00 06 
TELEX: 315183 INTMIL 


NETHERLANDS 

Intel Semiconductor Nederland B.V.* 

Alexanderpoort Building 

Marten Meesweg 93 

3068 Rotterdam 

Tel: (10) 21 23 77 

TELEX: 22283 


Intel Sweden A.B.* 
Box 20092 
Archimedesvagen 5 
S-16120 Bromma 
Tel: (08) 98 53 85 


SWITZERLAND 

Intel Semiconductor A.G.* 
Forchstrasse 95 
CH 8032 Zurich 
Tel: (01) 55 45 02 
TELEX: 57989 ICH CH 

UNITED KINGDOM 

Intel Corporation (U.K.) Ltd.* 

5 Hospital Street 
Nantwich, Cheshire CW5 5RE 
Tel: (0270) 626 560 
TELEX: 36620 


NORWAY 

Intel Norway A/S 
P.O. Box 92 
Hvamveien 4 
N-2013 
Skietten 

Tel: (2) 742 420 
TELEX: 18018 


Intel Corporation (U.K.) Ltd.* 
Pipers Way 

Swindon, Wiltshire SN3 1RJ 
Tel: (0793) 488 388 
TELEX: 444447 INT SWN 
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EUROPEAN DISTRIBUTORS/REPRESENTATIVES 


AUSTRIA 


FRANCE (Cont’d) 


ITALY (Cont’d) 


SWEDEN (Cont’d) 


Bacher Elektronische Geraete GmbH 

Rotemuehlgasse 26 

A 1120 Vienna 

Tel: (222) 83 63 96 

TELEX: 11532 BASAT A 

BELGIUM 

Inelco Belgium S.A. 

Ave. des Croix de Guerre 94 
B1120 Brussels 
Tel: (02) 216 01 60 
TELEX: 25441 

DENMARK 

MultiKomponent A/S 
Fabriksparken 31 
DK-2600 Gloskrup 
Tel: (02) 45 66 45 
TX: 33355 


Tekelec Airtronic 
Cite des Bruyeres 
Rue Carle Vernet 
F-92310 Sevres 
Tel: (01) 534 75 35 
TELEX: 204552 

WEST GERMANY 

Electronic 2000 Vertriebs A.G. 
Neumarkter Strasse 75 
D-8000 Munich 80 
Tel: (89) 43 40 61 
TELEX 522561 EIEC D 

Jermyn GmbH 
Postfach 1180 
Schulstrasse 48 
D-6277 Bad Camberg 
Tel: (06434) 231 
TELEX: 484426 JERM D 


Scandinavian Semiconductor 
Supply A/S 
Nannasgade 18 
DK-2200 Copenhagen 
Tel: (01) 83 50 90 
TELEX: 19037 


FINLAND 

Oy Fintronic AB 

Melkonkatu 24 A 

SF-00210 

Helsinki 21 

Tel: (0) 692 60 22 

TELEX: 124 224 Ftron SF 

FRANCE 

Generim 

Z.l. de Courtaboeuf 
Avenue de la Baltique 
91943 Les Ulis Cedex-BP.88 
Tel: (6) 907 78 79 
TELEX: F691700 

Jermyn S.A. 
rue Jules Ferry 35 
93170 Bagnolet 
Tel: (1) 859 04 04 
TELEX: 21810 F 

Metrologie 

La Tour d’ Asnieres 
1, Avenue Laurent Cely 
92606-Asnieres 
Tel: (1) 791 44 44 
TELEX: 611-448 


Celdis Enatechnik Systems GmbH 
Gutenbergstrasse 4 
2359 Henstedt-Ulzburg 1 
Tel: (04193) 4026 
TELEX: 2180260 


Proelectron Vertriebs GmbH 
Max Planck Strasse 1-3 
6072 Dreieich bei Frankfurt 
Tel: (6103) 33564 
TELEX: 417983 


IRELAND 

Micro Marketing 

Glenageary Office Park 

Glenageary 

Co. Dublin 

Tel: (1) 85 62 88 

TELEX: 31584 


ISRAEL 

Eastronics Ltd. 

11 Rozanis Street 
P.O. Box 39300 
Tel Aviv 61390 
Tel: (3) 47 51 51 
TELEX: 33638 


ITALY 

Eledra 3S S.P.A. 
Viale Elvezia, 18 
I 20154 Milano 
Tel: (2) 34 97 51 
TELEX: 332332 


Milanfiori Pal. E/5 
20090 Assago 
Milano 

Tel: (02) 82470 
TELEX: 311351 

NETHERLANDS 

Koning & Hartman 
Koperwerf 30 
P.O. Box 43220 
2544 EN’s Gravenhage 
Tel: 31 (70) 210.101 
TELEX: 31528 

NORWAY 

Nordisk Elektronic (Norge) A/S 
Postoffice Box 1 22 
Smedsvingen 4 
1364 Hvalstad 
Tel: (2) 786 210 
TELEX: 77546 

PORTUGAL 

Ditram 

Componentes E Electronica LDA 
Av. Miguel Bombarda, 133 
P1000 Lisboa 
Tel: (19) 545 313 
TELEX: 14182 Brieks-P 

SPAIN 

Interface S.A. 

Ronda San Pedro 22,3 

Barcelona 10 

Tel: (3) 301 78 51 


in SESA 

Miguel Angel 23-3 

Madrid 10 

Tel: (1) 419 54 00 

TELEX: 27707 

SWEDEN 


AB Gosta Backstrom 
Box 12009 


Alstroemergatan 22 
S-10221 Stockholm 12 
Tel: (8) 541 080 
TELEX: 10135 


Nordisk Electronik AB 
Box 27301 


Sandhamnsgatan 71 
S-10254 Stockholm 
Tel: (8) 635 040 
TELEX: 10547 


SWITZERLAND 

Industrade AG 
Gemsenstrasse 2 
Postcheck 80 - 21190 
CH-8021 Zurich 
Tel: (01) 363 23 20 
TELEX: 56788 INDEL CH 

UNITED KINGDOM 


Bytech Ltd. 

Unit 57 
London Road 
Earley, Reading 
Berkshire 

Tel: (0734) 61031 
TELEX: 848215 

Comway Microsystems Ltd. 
Market Street 
UK-Bracknell, Berkshire 
Tel: 44 (344) 55333 
TELEX: 847201 


Jermyn Industries 
Vestry Estate 
Sevenoaks, Kent 
Tel: (0732) 450144 
TELEX: 95142 


M.E.D.L. 

East Lane Road 
North Wembley 
Middlesex HA9 7PP 
Tel: (01) 904 93 07 
TELEX: 28817 

Rapid Recall, Ltd. 

Rapid House/Denmark St 
High Wycombe 
Berks, England HP11 2ER 
Tel: (0494) 26 271 
TELEX: 837931 


YUGOSLAVIA 

H. R. Microelectronics Enterprises 
P.O. Box 5604 
San Jose, California 95150 
Tel: 408/978-8000 
TELEX: 278-559 




INTERNATIONAL SALES OFFICES 


AUSTRALIA 


MONO KONG 


JAPAN (Cont’d) 


JAPAN (Confd) 


Intel Semiconductor Pty. Ltd. 
Spectrum Building 
200 Pacific Highway 
Level 6 

Crows Nest, NSW, 2089 
Australia 

Tel: 011-61-2-436-2744 
TELEX: 790-20097 
FAX: 011-61-2-923-2632 


Intel Semiconductor Ltd. 



Tel: 011-852-5-450-885 
TELEX: 63869 ISLHKHX 


Intel Japan K.K.* 
2-1-15 Naka-machi 
Atsugi, Kanagawa 243 
Tel: 0462-23-3511 

Intel Japan K.K.* 


JAPAN 

Intel Japan K.K. 

5-6 Tokodai, Toyosato-machi 
Tsukuba-gun, Ibaraki-ken 300-26 
Tel: 029747-8511 
TELEX: 03656-160 


2-51-2 Koiima-cho 
ofu, Tokyo 182 
: 0424-88-3151 

Intel Japan K.K.* 

2-69 Hon-cho 
Kumagaya, Sailama 360 
Tel: 0485-24-6871 


Intel Japan K.K.* 

2-4-1 Terauchi 
Toyonaka, Osaka 560 
Tel: 06-863-1091 


Intel Japan K.K. 

1-5-1 Marunouchi 
Chiyoda-ku. Tokyo 100 
Tel: 03-201-3621/3681 


Intel Japan K.K.* 

1-23-9 Shinmachi 

aya-ku, Tokyo 164 
'3-426-2231 


‘Field Application Location 


INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 


ARGENTINA 


CHILE 


JAPAN (Cont’d) 


SINGAPORE 


VLC S.R.L. 

Sarmiento 1630, 1 Piso 
1042 Buenos Aires 
Tel: 35-1201/9242 

TELEX: Public Booth 9900 or 9901 
Mailing Address 

Soimex International Corporation 
15 Park Row, Room #1730 
New York, New York 10038 
(212) 406-3052 
Attn: Gaston Briones 

AUSTRALIA 

Total Electronics 
9 Harker Street 
Burwood 
Victoria 3125 
Tel: 61 3 288-4044 
TELEX: AA 31261 

Mailing Address 
Private Bag 250 
Burwood, Victoria 3125 
Australia 

Total Electronics 
#1 Johnstone Lane 
Lane Cove, N.S.W. 2066 
TELEX: 26297 

BRAZIL 


DIN 

AV. VIC MCKENNA 204 
Casilla 6055 
Santiago 
Tel: 227 564 
TELEX: 352 003 

COLUMBIA 


International Computer Machines 

Carrera 7 No. 72-34 

Apdo. Aereo 19403 

Bogota 1 

Tel: 211-7282 

TELEX: 45716 ICM CO 


HONG KONG 

Schmidt & Co. Ltd. 

Wing on Centre, 28th Floor 
111 Connaught Road Central 
Tel: 5 8521 222 
TELEX: 74766 SCHMC HX 


INDIA 

Micronic Devices 

104/109C, Nirmal Industrial Estate 
Sion (E) 

Bombay 400022 
Tel: 486-170 

TELEX: 011-71447 MDEV IN 


Icotron S.A. 

05110 Av. Mutinga 3650-6 Andar 
Pirituba Sao Paulo 
Tel: 261-0211 
TELEX: 1122274/ICOTBR 


JAPAN 

Asahi Electronics Co. Ltd. 
KMM Bldg. Room 407 
2-14-1 Asano, Kokura 
Kita-Ku, Kitakyushu City 802 
Tel: (093) 511-6471 
TELEX: AECKY 7126-16 


Hamilton-Avnet Electronics Japan Ltd. 
YU and YOU Bldg. 1-4 Horidome- 
Cho 

Nihonbashi Chuo-Ku, Tokyo 103 
Tel: (03) 662-9911 
TELEX: 2523774 


Ryoyo Electric Corp. 

Konwa Bldg. 

1-12-22, Tsukiji 
Chuo-Ku, Tokyo 104 
Tel: (03) 543-771 1/541-73H 


Tokyo Electron Ltd. 

Shin Juku, Nomura Bldg. 
26-2 Nishi-Shin Juku-lchome 
Shin Juku-Ku, Tokyo 160 
Tel. (03) 343-4411 
TELEX: 232-2220 LABTEL J 


KOREA 

Koram Digital 

2nd Floor, Government Pension Bldg. 
1-589, Yoido-Dong 
Youngdungpo-Ku 
Seoul 150 

Tel: 782-8039 or 8049 
TELEX: KODIGIT K25 299 


NEW ZEALAND 

McLean Information Technology Ltd. 
459 Kyber Pass Road, Newmarket, 
P.O. Box 9464, Newmarket 
Auckland 1, New Zealand 
Tel: 501-801, 501-219, 587-037 
TELEX: NZ21570 THERMAL 


General Engineers Corporation Pty. 
Ltd. 

18 Pasir Panjang Road 

11-05/08 PSA Multi Storey Complex 

Singapore 0511 

Tel: 011-65-271-3163 

TELEX: RS23987 GENERCO 


SOUTH AFRICA 

Electronic Building I 
P.O. Box 4609 
HazelwdQd, Pretoria 0001 
Tel: 0)1^7-12-46-9221 or 9227 
TELEX: 3-0181 SA 


TAIWAN 

Taiwan Automation Corp.* 
3rd Fldbr. #75, Section 4 
Nanking East Road 
Taipei 

Tel: 771-0940 or 0941 
TELEX: 11942 TAIAUTO 


YUGOSLAVIA 

H. R. Microelectronics Enterprises 
P.O. Box 5604 
San Jose, California 95150 
Tel: (408) 978-8000 
TELEX: 278-559 


•Field Application Location 



U.S. SERVICE OFFICES 


iny 


CALIFORNIA 


NEW JERSEY 


PENNSYLVANIA 


Intel Corp. 

1350 Shorebird Way 
Mt. View 94043 
Tel: (415) 968-8211 
TWX: 910-339-9279 
910-338-0255 

Intel Corp. 

2000 E. 4th Street 
Suite 110 
Santa Ana 92705 
Tel: (714) 835-5577 
TWX: 910-595-2475 

Intel Corp. 

7670 Opportunity Road 
San Diego 92111 
Tel: (714) 268-3563 

Intel Corp. 

5530 N. Corbin Avenue 
Suite 120 
Tarzana 91356 
Tel: (213) 708-0333 

COLORADO 

Intel Corp. 

650 South Cherry 
Suite 720 
Denver 80222 
Tel: (303) 321-8086 
TWX: 910-931-2289 

CONNECTICUT 

Intel Corp. 

36 Padanaram Road 
Danbury 06810 
Tel: (203) 792-8366 

FLORIDA 

Intel Corp. 

1500 N.W. 62nd Street 
Suite 104 

Ft. Lauderdale 33309 
Tel: (305) 771-0600 
TWX: 510-956-9407 

Intel Corp. 

500 N. Maitland Avenue 
Suite 205 
Maitland 32751 
Tel: (305) 628-2393 
TWX: 810-853-9219 

Intel Corp. 

5151 Adanson Street 
Orlando 32804 
Tel: (305) 628-2393 


Intel Corp. 

3300 Holcombe Bridge Road 
Suite 225 
Norcross 30092 
Tel: (404) 441-1171 


Intel Corp. 

385 Sylvan Avenue 
Englewood Cliffs 07632 
Tel: (201) 567-0820 
TWX: 710-991-8593 


Intel Corp. 

500 Pennsylvania Avenue 
Fort Washington 19034 
Tel: (215) 641-1000 
TWX: 510-661-2077 


ILLINOIS 

Intel Corp. 

2550 Golf Road 
Suite 815 

Rolling Meadows 60008 
Tel: (312) 981-7270 
TWX: 910-253-1825 


NEW YORK 

Intel Corp. 

2255 Lyell Avenue 
Rochester 14606 
Tel: (716) 254-6120 

NORTH CAROLINA 


KANSAS 

Intel Corp. 

8400 W. 110th Street 
Suite 170 

Overland Park 66210 
Tel: (913) 642-8080 

MARYLAND 

Intel Corp. 7257 Parkway Drive 
Hanover 21076 
Tel: (301) 796-7500 
TWX: 710-862-1944 

MASSACHUSETTS 


Intel Corp. 

5600 Executive Drive 
Suite 113 
Charlotte 28212 
Tel: (704) 568-8966 

Intel Corp. 

2306 W. Meadowview Road 
Suite 206 
Greensboro 27407 
Tel: (919) 294-1541 

OHIO 

Intel Corp. 

Chagrin-Brainard Bldg. 

Suite 305 


Intel Corp. 

27 Industrial Avenue 
Chelmsford 01824 
Tel: (617) 256-1800 
TWX: 710-343-6333 


MICHIGAN 

Intel Corp. 

26500 Northwestern Highway 
Suite 401 
Southfield 48075 
Tel: (313) 354-1540 
TWX: 810-244-4915 


MINNESOTA 

Intel Corp. 

7401 Metro Boulevard 
Suite 355 
Edina 55435 
Tel: (612) 835-6722 
TWX: 910-567-2867 


MISSOURI 

Intel Corp. 

4203 Earth City Expressway 
Suite 143 
Earth City 63045 
Tel: (314) 291-2015 


28001 Chagrin Boulevard 
Cleveland 44122 
Tel: (216) 464-6915 
TWX: 810-427-9298 

Intel Corp. 

6500 Poe Avenue 
Dayton 45414 
Tel: (800) 325-4415 
TWX: 810-450-2528 

OKLAHOMA 

Intel Corp. 

4157 S. Harvard 
Suite 123 
Tulsa 74101 
Tel: (918) 744-8068 

OREGON 

Intel Corp. 

10700 S.W. Beaverton-Hillsdale 

Highway 

Suite 22 

Beaverton 97005 

Tel: (503) 641-8086 

TWX: 910-467-8741 


Intel Corp. 

201 Penn Center Boulevard 
Suite 301 W 
Pittsburgh 15235 
Tel: (313) 354-1540 

TEXAS 

Intel Corp. 

313 E. Anderson Lane 
Suite 314 
Austin 78752 
Tel: (512)454-3628 
TWX: 910-874-1347 
Intel Corp. 

12300 Ford Road 
Suite 380 
Dallas 75234 
Tel: (214) 241-8087 
TWX: 910-860-5617 

Intel Corp. 

7322 S.W. Freeway 
Suite 1490 
Houston 77074 
Tel: (713) 988-8088 
TWX: 910-881-2490 

VIRGINIA 

Intel Corp., 

7700 Leesburg Pike 
Suite 412 

Falls Church 22043 
Tel: (703) 734-9707 
TWX: 710-931-0625 

WASHINGTON 

Intel Corp. 

110 110th Avenue N.E. 

Suite 510 
Bellevue 98004 
Tel: 1-800-538-0662 
TWX: 910-443-3002 

WISCONSIN 

Intel Corp. 

150 S. Sunnyslope Road 
Suite 148 
Brookfield 53005 
Tel: (414) 784-9060 
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Intel Corporation 
3065 Bowers Avenue 
Santa Clara, CA 95051 

Intel Corporation S.A. 

Parc Seny 

Rue du Moulin a Papier 5 1 
Boite 1 

B- 1 1 60 Brussels 
Belgium 

Intel Japan K.K. 

5-6 Tokodai Toyosato-machi 
Tsukuba-gun, Ibaraki-ken 300-26 
Japan 
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